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Coming 
Next 
Month 



A special re]X)rt on the four-channel 
stereo phenomena as detailed at a 
recent XA'.-secticm AIvS meeting is 
discussed by John l-^arKle. Included in 
his article are short summaries of the 
Sciieiher system, Minter s\-stem, I'eid- 
nian-llalstead system, and Jim Cun- 
ningham's Tetraphonic recording sys- 
tem. In addition, the author will Ki\-e 
his e\ahiation of tlie systems and their 
likely impact on the future of the re- 
cording industry. 

New studios exist at AFRTS in 
Washington D.C. Z. C". Jac(iuett has 
pictures and story on tiieir construc- 
tion. 

Beginning with the August issue, an 
expanded New Pkooucts and Serv- 
ices section will apjK'ar. 

Anil there will be our regular monthly 
columnists: ("leorge Alexandro\-ich, 
Norman H. Crowhurst, Martin Dick- 
stein. Arnold Schwartz, and John 
W'orani. Coming in db, The Sound 
I jigineering Magazine. 



About 

the 
Cover 



• The Altec console had a dilTerent 
colored knob at each ]X)sitioii, making 
it certainly the most colorful ])rixluct 
to be seen at the I..A. AICS Convention. 
A picture gallery of the products shown 
at A1^,S begins on page 34. i 
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Put 
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D^SBE 
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$43.00 Net 

It will 

sound 

better! 
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Letters 



The Editor: 

Mr. Sulzer's letter (May issue) makes 
an excellent detailed case for tlie 
higher-impedance cartridge and quite 
accuratelv corrects my "wrong" of 
understatement. 

I must comment on the other "wrong", 
however: Mr. Sulzer savs "j\Ir. Odom's 
statement. . .is in this case wrong," 
the case being a high-/, cartridge with 
Mr. Smith's (.Spectra Sonic's) ampli- 
fier. 

Please note that I did not suggest 
such a case. I said that system noise is 
lowest when amjilifier and source are 
oi)tiniizeil, which would certainly not 
he so in the case Mr. Sulzer refers to. 
I'lie case, then, is Mr. Sulzer's — not 
mine. 

For clarity, the piinxise of my original 
letter was two-fold; to |X)int out a gross 
iuisap])lic"ation of the noise formula in 
Mr. .Smith's presentation, and to seri- 
ously question the supposed im]}rove- 
nient in system s/n ratio implied by 
him. I think Mr. .Sulzer has very 
capably supixirtcd both purposes. 

Incidentally, my reference to a s 'n 
ratio of 80 dli was to a new preamp — ■ 
not a system — and olTcred only to show 
that a more con\entional (and much 
less costly) system can readily fulfill 
the criteria of "system noise below disc 
noise." 

It a]>pears to me and apjiarently to 
Mr. Sulzer as well, that the sole value 
in Mr. .Smith's presentation is to ac- 
coiumodate longer cables between the 
cartridge and ])re-aniplitier jilus the 
])(issibility of less extraneous hum- 
]iickup in tlie cartridge. 

Mr. Sulzer and I agree; existing 
preamiis are good enough. 

Roger K. Odom 
Engineering Mgr. 
Sparta Electronic Corp. 
Sacramento, Calif. 
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If spec sheets are amonf? your favorite reading, we don't blame you for getting confused 
at times. Columns of figures aren't always too eloquent on their own, only in context 
or comparison with other specs. And statistics can ht- used to support anything - 
especially statisticians. 

So it's nice to know how to read between the lines of a spec sheet. To know, for instance, 
that not all makers use the same measuring standards. Take overall frequency response: 
ours is measured at a -lOdB level, the accepted broadcast standard. Yet certain other 
brands measure from as low as —24 dB. 

Unfair to us? Yes. But more important, it's unfair to you. 

Of course, there are other ways to play the numbers game. We say go ahead and compai^e 
specs till your head spins. But do it right: consider your own ovei-all needs and objectives. 
Consider specs in relation to other specs on the same component. Compare that unit 
spec for spec, standard for standard, with competing models. Then go give a listen. 

True, you can't be a computer. 

But you shouldn't have to be a speculator, either. 

TEAC 

TUAC Corjioration ot America • 2000 Colorado .\venue • Saiua Monica, California iiOlDl 



NUMBERS GAME. 



AN EaUALIZED 
PRE-AMPLIFIER 
WITH HEAD ROOM! 




-a 



That'K righl, QRK, no-j^' 
offers a lin* of tfotio itnd 
su^R-o c-CLjalized pre-ampli- 
-fiena, wKich can ac-hievE* I 10 
fJhm output without disto-rt- 
ijig or clipping, Normally, 
Ihc ojtput of j) pre ainplifif r 
ie ariy 20 dbni, bul with 
Inud piHiisagpM, "hf>aH. rtMm" 
[r !¥qi4irMl!l Only with the 
QRK "Ultimate" pre- 
aitipliliL-r«, ii&n you be sbrv 
uf IniF rFpnoduction nf your 
loud pa.3sagF». Other fea 
tures — 0, 1 "vi d ist^irtion ; 75 
db noise; biiill-in mmblf^ 
filter; self mntjitnfd pnwipr 
supply; balanced output 
trarBformer, 

Contact thf QRK TJant or 
your CCA Awa R^prEisent- 
alivEf for dFtatlH: 



X\\tr9rLC\ ELECTRONIC 

^ny^^i^^/iZJy PRODUCTS. I htCr 

IStB WORTH SIERRA VIST*. FSESMO. 
CfcLlFOHHI* ^BTW - Phont: SC« ?SI'4ZI3 

SuijMi J til J y at 

CCA eLeCTRONJCS CORP. 
716 JERSEY AVtNUE. SLOuCESiTER Ciry. 
NtW JERSEt «03Q * PtKinB: fi09 45frlHe 
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The Audio 
Engineer's HandoooK 



GEORGE ALEXANDROVICH 



• This luiiiuli I will (U-jiart from my 
UMial thfincs to sliarc with voii ini- 
])n'ssi(iiis carrifd with im- after attfiul- 
iiiH two s])riiin coiufutioiis and shows; 
oiu- ill Chicago — till- .\.\H and the 
second in l.os .Xiifjeles —the AI'S C'oii- 
\eiitioii. I iifortiuialely only a small 
]UTceiitafje of engineers f;et a ehance to 
])artiri|)ate in these eorn eiitions. Most 
en^jineers. toehiiifians, and specialists 
ill the field of coinniiiiiieatioiis ar(Hiire 
their iiiforiiiation throuf;li readiiif; ac- 
roiints and reports in various piihliea- 
tions inelndinn the one appearinn in 
this issne. Beiiif; fortunate enough to 
partiei|)ate in nil the major coiuentions 
aiul shows o\ er the last ten years and 
then readinf; afterwards the re|M)rts of 
the same shows. proni|ited me to write 
a siinimarv' of my own impressions. I 
rareK' pa\ attiMitioii to the lengthy de- 
scription of the e.\liil)its .or the enumera- 
tion of tiie new devi< es — which are just 
another variation of the units shown 
last \ear. 1 l<K)k for less ohvious things; 
iiiii<|iie n^xlKctsand ideas. 

Since my prime interest is in audio 
(the subject most conventions side- 
track — e.vcept for the AI',S I'onven- 
tion). I will atteniiit to hinhlinht the 
ha|)i>enin);s in this Held, l o characterize 
mv attitude towards the imiMirtance 
of audio over vidrn I like to remind the 
reader that video witlitnit sound can 
not survi\c as coimminication while 
sound can. Howcwer. video souiul is 
often taken for granted so little im- 
l)ro\-cnient work is planned for the near 
fnturi'. I am now referring to the 
prinliicts at the .\'.\B ('on\entioii. The 
focal iK)iiit of the C"on\ention was the 
picture. Most heaiitifully designi-d 
e(|ni]>iiient can zoom, tilt, rotate, sjilit, 
iiloilulate the screen, supcrini])ose, 
.switch, and fadi- — in otlierwor<ls you 
can do almost ain tliinn \<>u wish to a 
picture to superh (|ualit\-, hut 

when >ou nvt hack into \(uir hotel 
room and turn on the TV set \<m listen 
to a 4-in. .^iieaker driven hy a single 
sta^e audio anipiil'ier — and wonder 
about the human lieurinn apparatus 
and what it has to tolerate. 

The X.-\H comcntion is not a jiar- 
ticularlj- fertile Kroimd for innovations 
and improvements in audio. What TV 
sound is all about is new and dilTerent 



))ackaninf!. .Seldom can one see the use 
of slide faders which slowK' force out 
"Hood old reliable" rotaries. The siiii])le 
fact that rotaries ro(|uire about .^-iiich 
spaciiif; between the faders while slide 
faders can be set at 1-incli intervals, 
dictates the use of sliders If the de- 
sif;ner builds the console to be used by 
li\' an a\eraj;e size human with a hands 
spread of 6 feet. l'hilosoph\- of design 
has not chaiined, com|)oneiits and 
packa^inn has. The reason that we see 
some of the more comple.v consoles at 
.\.\B is because many radio and TV 
stations are in the business of studio 
recordinn of commercials, concerts, or 
the pnKluction of tapes, each seeking 
new re\enues. There, the demand for 
better-(|ualit\' sound dicated b>' the 
customer calls for inucli better Ci|uip- 
ineiit. One can .see low-])rt)tile nii.\inf; 
lK)ards, illuminated piishbutums, ])ro- 
tjrani e(|ualizors, and comjiressors. .Sepa- 
rate echo channels and pan |M)ts arc not 
a rarety. 1 lowe\er a stroiiH demaiul for 
ine.viHMisivc e(|uipment still C()mes from 
the indeiiendent stations working on 
tiKht budgets, while networks tr\' to 
consolidate their audio production fa- 
cilities so that e.viiendilure for audio 
consoles can be increased and better 
C(|uipmcnt obtained. 

In striking contrast to the low 
budget operatioti an<l marginal (juality 
demand of .N.\H, is the atiiios])hcre at 
the .MCS convention. .Anyone eiiKaKed in 
the serious iirtKluction of ctjuipnient for 
audio recordinns (be it in the form of 
ta[x.' or disc), faces the dilemma of a 
demaiulinn customer and keen coinixti- 
tion. While a radio station can com- 
pete successfully with others as loiifj 
as programming and sound are nooti (no 
matter what shoe-strings it runs on), 
in the recording liehl talent gets in 
touch with the e(|nipment. The\ are so 
biased that unless the recording studio 
can do an\ thing the other stiwlio 
around the corner can do it has very 
little chance to get the job. Iacii the 
brands of e(|uipinenl can make the dif- 
ference; no matter how well e(piipnient 
of (litTereiit inamifacturc can perform, 
it can be as incorrect for the job. 

.Xaturally. the prices for the equip- 
ment soar accortling to the demand for 
styling reliabilit) and coniple.xitv'. .Stu- 
Circle IS on Rcodcr Scwice Card- 
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IMAGINATION + RESEARCH = BREAKTHROUGH 

GATELY BUILDING BLOCK CONSOLE MODULES ... A GIANT STEP FORWARD! 



At last, a breakthrough in sophisticated audio console construc- 
tion. Gately Electronics proudly announces Its new building 
block concept, the most important innovation since the intro- 
duction of the "strip". A development made possible by Gately 
imagination, research, and technical know-how. 

Whether your console application is recording tomorrow's far- 
out sounds, staid theater arts, deafening rock sound reinforce- 
ment, or creative motion pictures, the Gately Series Eight 
console building blocks are for you. These building blocks are 
a new approach to console construction, not another "Me Too" 
module. 

Now you can start with an 8 input-2 output console and ex- 
pand it to 24 inputs, for 8 or 16 track work, merely by adding 
the appropriate Gately Series Eight building blocks. All the 
sophisticated features so necessary in today's applications are 
standard: panning, equalization on every channel, choice of 
7 different peaking frequencies (5 high, 2 low), full 8 channel 
program assignment with solo, 2 or 4 channel echo assignment. 



full mix down facilities to stereo and derived mono, and slide 
attenuators with optional cue. All these and many more fea- 
tures are included in this new approach. 

The Gately Series Eight components reduce console interwiring 
between modules up to 75%, substantially lowering the cost of 
the finished console and permitting sophisticated console con- 
struction and wiring by the average studio engineer. 

In addition, these consoles feature the very latest in integrated 
circuit design. Guaranteed noise is — 127 dbm and output is in 
excess of -i- 24 dbm. 

So whatever your console application may be, check with your 
dealer or with Gately Electronics and find out how Gately Series 
Eight building blocks can do a job for you. You'll discover that 
you can meet your own individual console requirements with a 
system that is both surprisingly inexpensive and easy to build 
-as easy as ABC! 



GATELY ELECTRONICS 



57 WEST HILLCREST AVENUE, HAVERTOWN, PENNSYLVANIA 19083 

. . . have you checked Gately lately? 



• (215) HI 6-1415 
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TIMEKEEt^ER 

precision 

instputnents 




$29.95 




$24.50 




$22.50 



CERTIFIED HYGROMETER 
NO. 167 

This model is certified to be 
accurate within 2%, Dial 
indicates range of Oto 100% 
relative humidity. Each 
instrument has been tested at 
three different positions of the 
dial at temperatures ranging 
from 32° to 230° F. Original 
calibration and certification 
done at the G. Lufft 
Metallbarometerfabrik, GmbH 
Stuggart under the standard 
conditions of the Federal 
Republic Test Society. Casing is 
solid brass gleaming finish, 
black dial with white numbers 
and lettering, red tipped 
pointer, casing is drilled for 
wall mounting. Direct reading 
dial. Siie is 6" overall, 
dial face is 5" diameter. 



MODEL 13 BAROMETER 

This fine precision barometer 
is the same size and general 
appearance as the Certified 
Hygrometer No. 167. 
Features an open dial graduated 
from 28 to 31 inches with a 
visible precision polished 
mechanism and solid brass case. 



MODEL 123 DIAL 
THERMOMETER 

A precision thermometer to 
match the above units and is 
often used with them to make 
a matching set. Large, easy to 
read dial graduated in 2 
degrees. Range minus 30° to 
plus 130° F, Same case 
specifications as No. 167. 



GUARANTEE 

100% absolute satisfaction or your money returned 
within 10 days without question. To order send check 
directly to: 



TIMEKEEPEF 

PJ, Bat m. MifivDfj, N.Y. USUI 



Include $1.00 per order fur shipping 
Circle 5? on Render Senifc Card 



(lios thinly it noniKil to pay lens of 
tlloiisailcls ()! (loliars lor iiuill i-lrai"k 
tapi' iiiacliiiK's. 

I think that tlu' broadcast iii<liistry 
lias sidi lrackcd aiidio. a|)|)ri)ai"iiiiif; one 
fxtreiiic, liiil llie rt-ciirdiii}; field is 
liilliiif; llic oilier fxtriMiic. ("oiidiiiu- tlio 
two and nmid ha\ c lii-(i trans- 

missions from tlu' MKKin in sli-rfo, 6(1 
dU of sif;nal-1<)-noisi' in ti'lc|ilioni' con- 
\iTsalioiis and lonr-clianni'l TV .<onn<l. 
Wcmkln't it In' f^win to lia\i- l)oll)y 
reduce noise in rv .radio and discs. 
.After all we nse kl.\.\ and X.\H i)re- 
em])lia.sis cnr\es. Can't we f;o fnrllier? 

AES PRODUCT HIGHLIGHTS 

The .M-IS show was hy far the larf;esl 
aLidio cmn-enlion held on the west 
coast. It is interj'sliiif; to note that there 
«ere at least ten major jirofessional 
tape machine inaniifactiirers exhihitinf?, 
hilt oiiK' two com])anies niakiiif; tiirn- 
taliles. .\fler all how ran they compete 
with -18 tracks and 6-in. wide tape as 
shown \ty the .^M jieuple. (> es, .s'/.v-/«< /r 
wide tape). Aho inlrifininj^ was Meteor's 
all ,>-dlid-state re\ erheration de\ Ice w ith 
50. ()()() transistors (\es, fifly tlioiisuml) 
shown but not <lemonstrate<l. One 
eoiild admire the hifjh dof^ree of so- 
phistication reacluxl in the design of 
the electro-mechanical s\stcnis such as 
tapj' tinplicators riinnin;? at 120 in. /sec. 
iisiiif; Continuous lo()]is with air-jet 
controlled storaj^e bins. A tape <leck hy 
Majjiietic Recording -Systems was shown 
nsinj; a ?cr\() motor for the capstan 
driv e — with the aliility to select sinrds 
instantK' and control them usinj; feed- 
hack sif^nal from the lone wheel, l.ow- 
inertia ])rinled-circiiit pancake motors 
are u.sed for the snp]ily and take up 
functions. 

The da\ s of hi-(l shows were ])artially 
revived at the ,\IC.S Coiuention when 
several S|)eaker and s\steni niatuifac- 
liirers set uj) sejiarate demo rooms and 
then tried to \ihrate curious con- 
\ entioncers to death with 120 dB . sii.l.s. 

I f;ot an im])res.sion that at least half 
j of the com|>anies at the show w'anted to 
conlrihute to the cause of environ- 
mental e<|iialization, he it hy conn'nn out 
with a sweep generator, scope for the 
visual .scanning of the resixiiise of the 
aiiditorinm, or the lilter sv stems. 

This activ e [larticipation of so main 
audio companies can he attrihiiteii to 
the fact that aside from the fact that 
using lilters is an elegant wa\- of coping 
with a<'onstical prohlenis, it is also an 
eas\- task for an exi)erienced audio 
design engineer to come np with a set 
of tillers, liitiuipnient api)eareil like 
o\'ernight nuishr«n)nis, threatening mon- 
opol\ and creating serious competition 
for the firms responsible for promotion 
of the original conce])t. 

The .\lvS shovv can he also character- 
ized as all Solid-state show. Not a tube 




Figure 1. 3M is still keepinj it under lock 
and key, but here is the very First illustration 
of 48 tracks on six-inch wide tape. A head 
and tape, but no machine, Maybe next year? 

could be sei'U (except for a rrt) In the 
e<|iupment. ("onversion of the industry' 
to solid-stale devices can be con- 
sidered an accom])lishwl fact. .Mthoiigh 
electronic jjackaging using i.e. micro 
com])onent tievices has started pene- 
trating the circuit design of professional 
gear, the majoril\- of maiHifaclurers 
have expressed their dis:ipj)ointment in 
attempts lo use i.c.'s for their e(|iiip- 
nient. Discrete components are still 
l)referretl. It is ni\' feeling that since 
niatu' manufacliirers use i)lug-in tran- 
sistors (apparentK' some ma\- fail and 
have lo be replaced ) the\- believe that 
the i.e. being an outgrowth of a single 
semiconductor chip have a bigger chance 
to fail becausj' the\- i)ack so nian\- more 
components in much smaller space. (Hy 
the wav, thing back home from cim- 
venti<ins in the newest aircraft m\- 
friend aiul I wilnessetl failure of the 
audio s\steins on two se])arate Mights. 
Discrete components ,s<i far aie hard lo 
surpass in tonsistenc\', reliabiliU', and 
cost. The 0|>auip ("ompan\- exhibit did 
altcmpl to change the image of i.c.'s. 
I sinccreK- hope they will he able to 
divert the altenation of transistor 
manufacturers to assign .some research 
time lo audio problems.) 

Despite the few i/ra things at the 
show (most were realK' new packaging 
of old circuits), it lo<)ked like a race for 
more channels, controls and knobs — 
ouK to reim'x every thing back to stereo 
or mono. There were no laser-beam 
recorders, nor i)reamps which could not 
be overloade<l. !^xcei)t for the soli<l- 
stale reverb, one Collld almost guess 
what t<i expect at the show . Xeverthe- 
less. it was great fun to see aiui learn In- 
looking at the eipiipment — and learn 
we do ev er\- da>- ev en if it is h\- looking 
at the familiar etpiipinent, old or new. 

One irrei)la<eable advantage con- 
ventions olTer is the i)rogram ()f tech- 
nical sessions where exchange of ideas 
and experiences conibities efforts of 
man\' isolated fnmi indiv idiials into a 
stream of new ide.is and findings from 
which stem new trends in technology 
and science. ■ 
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"High quality pressings 
begin wit it quiet lacquer masters"— 

John Eargle. Chief Engineer of Mercury Records. 

"We should never forget the impact that a low-distortion, low-noise 
master tape can have on the sound of a well made pressing. 
Recent studies" have shown that pressings benefit from the use 
of the Dolby System even under the ideal conditions of cutting 
master lacquers from original low-noise tapes. Under more usual 
conditions the cutting is done from tapes once and even twice 
removed from the original, and in these cases the benefits of 
noise reduction are all the more apparent." 



•John M. Eafflle, "Perfof mince Characteristics of the Commercial Stereo Disc, " J. Audio Eng. Soc. 17. 416 (1969). 




Write for full technical details and advice on how the Dolby 
System can be of value in your own professional audio recording 

or transmission application. 



□□dOLBY laboratories INC 

333 Avenue of the Americas New York N Y 1 001 4 
telephone (212) 243-2525 cables Dolbylabs New York 

for international inquiries 

346 Clapham Road London S W 9 England 
telephone 01-720 1111 cables Dolbylabs London 



Contact us for the name 
and address of your 
nearest professional 
Dolby System dealer. 
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The 

Feedback Loop 



ARNOLD SCHWARTZ 



• l^st month 1 discussed liow I)and- 
width (the range of fre(|iiencies over 
which the signal is transmitted without 
signilicant loss) in disc recording is 
hmited by fre<]uency response. If disc 
recording were an all-electronic s\ stem, 
frequency response would be the only 
limiting factor. In an all-electronic 
system the response of all the devices 
in the signal transmission path combine 
to give an over-all resixinse, and thereby 
define the system bandwidth. In the 
disc-recording system the signal is 
converted from electrical to mechanical 
energj-, and is then transferred to a 
storage device, the disc. It is this trans- 
fer, cutter head-to-storage on a disc, 
and then back again from disc-to-phono 
cartridge, that introduces another as- 
pect to disc recording not present in the 
all-electronic s\steni. Hecaiise the disc 
is an information storage device there 
are other considerations besides that of 
frequency resiKinse that limit band- 
width. This is an im|X)rtant concept; 



fre([uenc\' resptmse alone does not de- 
fine the bandwidth of the disc-recording 
system. 

WAVELENGTH 

Basic to all discussions of energy trans- 
fer to-and-from the disc is the concept of 
wavelength. Because information is 
transferred to the disc for storage, and 
is then mechanically scanned by the 
])hono-cartridge stylus, the disc-record- 
ing system performance is dependent 
ii|X)n wavelength; a phenomenon not 
normally present in an all-electronic 
audio system. 

Let us re\ ie\v the concept of wave- 
length. We have in Figlre 1 a diagram 
of a vibrating recording stylus cutting a 
modulated groove. The direction of 
vibration of the stylus, driven by the 
recording head, and the motion of the 
disc due to the rotation of the recording 
lathe are shown. As the disc moves 
linearly past the stylus, a modulated 
groove will be cut into the lacquer. The 
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Fisure 1. A dia- 
jrainins of wave- 
lenSth. 
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wavelength is the distance, in the di- 
rection of linear record travel, covered 
b>' one complete cycle of the modula- 
tion. Wavelength depends uixin two 
quantities; 1) the frequency of vibra- 
tion of the recording stylus, and 2) the 
linear velocity of the recording disc. 
Linear velocily is defined as the \'elocity 
of the recording blank, at the point of 
contact with the recording stylus, in 
the direction iierpendicular to the 
record radius. Linear velocity should not 
be confused with modulation velocity 
(usually referred to as velocily). This 
latter <iuantity refers to the motion 
of the recording stylus, while the linear 
velocity that we are talking about 
refers to the motion of the recording 
disc. Linear velocity dejwnds on the 
rotational velocity and disc diameter. 

Two cases can be described to help 
visualize the concejjt of wavelength. 
At a given diameter the linear velocity 
is constant, and if the fretiuency of 
vibration of the recording is increased, 
wa\elength will decrease. On the other 
hand, if the frequency of vibration is 
held constant, and the linear velocity is 
decreased (b>- decreasing the recording 
diameter), the wavelength will also 
decrease. \\ 'a\'elengths on actual re- 
cordings var\- from 0.0005 inch to more 
than 0.4 inch, and can be calculated by 
the formula: 

0.052 U.V 

\= X = wavelength in inches 

f 

U = recorded diameter in 
inches 

N = rotational velocity in 
rpm 

f = fre(|uency in kHz 

We now ha\'e a (juantity, wave- 
length, which e.xists because we have 
cut a mechanical replica of the electrical 
signal. The process of transferring this 
mechanical energy, to and from the 
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How to 
record on a higher 

level ! 




With automatic peak control 

The CBS Laboratories' Recording Volumax Model 420 
automatic peak controller for recording: 

• permits higher recording levels without 
overloading. 

• eliminates the distortion of clippers and the 
thumping and pumping of conventional timiters. 

• provides the maximum peak output at all 
frequencies even as a function of record diameter. 

The completely solid-state Model 420 Recording 
Volumax is unconditionally guaranteed. 

• Stereo model also available. 




With automatic level control 

Unconditionally guaranteed to outperform ordinary 
compressors, or AGCs, the solid-state Audimax III 
offers the ultimate in automatic level control for 
recording engineers. 

The exclusive Gain Platform principle permits gain 
to remain on a stable plateau over a wide range of input 
levels rather than the continuous rise and fall — with 
consequent distortion, thumping and pumping, and 
audio "holes" — so frequently encountered with 
ordinary AGC amplifiers. Its unique Gated Gain 
Stabilizer acts to bridge through program lapses and 
thus eliminates "swish-up" of background noise. 



A special Relurn-to-Zero feature returns gain to normal 
during standby conditions. In short, the Audimax reacts 
to any gain situation in exactly the same manner as 
an engineer. Price: $625. Stereo model also 
available — $1,250, 




With the world's first 60 dB-wide 
linear scale meter 

The Model 600 Wide Range Program Monitor is the first 
monitor to combine the latest developments in audio 
technology with the reliability of solid-state design for 
accurate audio measurement and analysis on a single 
60 dB-wide scale. 

Where the standard Volume Indicator measures only 
the top 23 dB of signal level logarithmically, this new 
Program Monitor displays information from +3 to 
-57 dB on a single linear, decibel scale, thus permitting 
accurate reading of low level audio material as well as 
line noise during program pauses. The 0 dB reference 
settings are adjustable from +18 to -22 dBm. 

The 600 is also equipped with a separate DC output 
for graphic logging over the full 60 dB range or to drive 
a second meter for remote monitoring. 

While not intended as a replacement for the standard 
Volume Indicator, the 600's meter ballistics are such 
that its readings are compatible with VU indications. 
It's a practical program monitor as well as a valuable 
measuring tool. 

It is also available in a standard 19-inch mounting 
rack from which it can be easily removed for portable 
use. Price: $505. Rack mounted: $550. 



FOR FURTHER INFORMATION, WRITE: 

PROFESSIONAL PRODUCTS 

CBS LABORATORIES 

A Division of Columbia Broadcasting System. Inc. 227 High Ridge Road. Stamlord. Connecticut 06905 

Ciri lf /> on Rriiiirr Srij'irr (Und 
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FAtRCHILD'S 
PRECISION 
MAKES 57 OF THE 
WORLD'S FINEST 
PROFESSIONAL 
AUDIO 

COMPONENTS 

. . . Fairchild's complete 
Series of Attenuators: 10 
models with new 
packaging plus Slide Wire 
Fader /The Integra I 
Series: an automatic 
Attenuator, 3 
Preamplifiers, 3 
Compressors, 3 Program 
Equalizers, 4 Dynalizers, 
De-Esser / 692 Remote 
Card Series: over 12 
inputs with extensive 
switching capacity / 
Integrated Control 
Module Series; Input- 
Output-Monitor Modules/ 
7 Audio Control Devices' 
including the well known 
Conax, Limlter and 
Reverbertron Systems / 
2 Gain Shifter Intercom 
Systems/ 7 Power 
Supply Models / over 24 
Accessories. Contact 
your Fairchild Distributor 
or write FAIRCHILD 

SOUND EQUIPMENT 

CORPORATION 

Dept. DB-7 10-17 45th Avenue 
Long Island City, N.Y. 11101 

Circle }4 on Render Service Card 



AUDIO 

ENGINEERS 

TECHNICIANS 



basic technology 

201- FUNDAMENTALS OF 
AUDIO TECHNOLOGY 

202- AUDIO/VISUAL 
PRODUCTION & TECHNIQUES 

intermediate technology 

101-STUDIO TECHNOLOGY & PRACTICE 

advanced technology 

3()1-SURVEY: AUDIO SYSTEMS 
DESIGN 

302- HIGH SPEED TAPE DUPLICATING 

303- OPERATIONAL AMPLIFIERS- 
APPLICATIONS IN AUDIO 

304- STEREO DISK MASTERING: 
PRINCIPLES, TECHNOLOGY 
&TECHNIQliES 

305- 1 NTltanUCTION TO- 
AUDIO ENGINEERING 

Your job security and advancement depend 
upon your skill and knowledge of present 
technology and practices. 
Our proven courses embody the latest 
disciplines of today's audio technology and 
prepare you for tomorrow's top positions 
in the industry. 

iMmTEOFIUDIORIiSEmrHJM. 

156 Fifth Avenue, Now York, N.Y. 10010 
212.242-1915 
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BJRrjiSHnG FACET 
INTERFERENCE 
WITH GROOVE ;^ALL 



DlRECTlO^ 0"^ 
STYLUS MOTION 



Figure 2. This is 
what happens dur- 
ins long wavelength 
cutting. 



Figure 3. This is what 
happens during short 
wavelength cutting. 
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CUTTING EDGE 
BURNISHING FACET 




disc, is waveiengtli sensitive. That is, 
the system output varies with wave- 
iengtli, and this output variation im- 
poses a restriction on the disc-recording 
system bandwidth. 

If the linear velocity were constant, 
as it is in magnetic recording, then each 
wavelength could be related to a speci- 
fic frecjuency, and wavelength effects 
could be dealt with as a fref|uency- 
response phenomena. As it is, the 
linear velocity of the disc varies by 
almost 2.5 to 1, and wavelength effects 
must be dealt with independently of 
frequency response. The failure to dis- 
tinguish between these two related (but 
basically independent) quantities is 
the cause of much confusion and fuzzy 
thinking. I have come across the pub- 
lished results of time-consuming re- 
search in the disc-recording field that 
turned out to be hoiwlessly confused, 
and therefore useless, because of the 
failure to so[5aratc and isolate these two 
effects. 

.\ detailetl cross-sectional \-iew of a 
recording stylus cutting a groove is 
shown in I'igure 2. Cutting actually 
consists of two almost .simultaneously 
processes. The first is the cutting and 
removal of the material from the groove. 
The second is the interference action of 
the burnishing facet with the groove 
wall which smoothes the roughness 
left by the cutting iirocess. This polish- 
ing aciiim of the burnishing facets is an 
essential feature of the recording stylus, 
but which can cause problems as we 
shall now see. 

In Figure 2 the stylus is shown cut- 
ting a long wavelength. The burnishing 



ACOUSTIC DELAY RECORDERS 
and Delay Lines 

For .ill P..\. wi)rk — churches, theatres, 
snuiiiuiis, conference rooms, auiiito- 
riiiiDS, tnnisporlatioii tcriiuii.ils, etc. — 
availalilc frmu stock or custom buiit 
to specifications. Writc. 
AUDIO INSTRUMENT CO, INC. 
.311 Mountain Rd. 
I'nion City, \. J. 07087 
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facet is \irtually in phase with tlie 
cutting edge, and the amount of inter- 
ference with the groove wall is constant 
along the entire wave. The resulting 
modulation will be a faithful replica 
of the recording stylus motion. In 
FiGtIRE 3 the stylus is cutting a short 
wavelength. Here the burnishing facet 
lags the cutting edge by a significant 
proportion of a wavelength. This lag 
causes the motion of the burnishing 
facet to be op]X>site to the slope of the 
modulation, and tends to wipe out that 
modulation. Since the short wavelength 
depicted here occurs at inner diameters 
and high frequencies, the recording 
bandwidth will be restricted according- 
ly. For example, let us assume a re- 
cording system with a flat frequency 
response from 30 to 15,000 Hz. .At 
long wavelengths (outer diameters) 
little or no wavelength losses are en- 
countered; the s>stem remains flat to 
15,000 Hz. At short wavelengths (inner 
diameters) the modulation tends to be 
erased by the burnishing facet as shown 
in Figure 3; there will be a substantial 
loss of recorded level at 15,000 Hz. 

The correct solution to recording 
wavelength loss is the proper design 
of the recording stylus. Flimiiiation of 
the burnishing facets, while eliminating 
wavelength cutting losses, would result 
in an unacceptable increase in noise. 
We are apimrcntly faced with a set of 
equalK' undesirable results; cutting 
losses and low noise, or no cutting 
losses and high noise level. The i)roblem 
has been resolved by using a 0.00016- 
inch burnishing facet, set at the correct 
angle, in combination with an ex- 
tremely fine cutting edge. The resulting 
signal-to-noise ratio is about 70 dB, 
and cutting losses are less than 1.0 dH 
at the shortest wa\ elengths encountered. 
FiTorts to counteract cutting losses at 
short wavelengths by increasing tlie 
drive to the cutter head, that Is radius 
eciualization, can only be considered a 
second-best solution, and tend to in- 
crease distortion and cause cutter 
overload. ■ 
Circle 21 on Reader Sen'ice Card-* 
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K w ^i"^^^ Sony professional at work 

'V'^ You're looking atSony's new ECM-50Tie-Tac, 

I", J» > ^skM* » ■<«, , 



g atSony's newECM-50Tie-Tac/ 
Lape! Electret Condenser Microphone. It's 
one of the new line of Sony Professionals- 
products specifically designed for special 
applications. 

For example, TV announcers long J^ur- 
dened by the cumbersonne lavalier version of 
,>NN>rf«v; the standard dynannic microphone, will wel- 
comethe miniaturized SonyECM-50Tie-Tac/ 
'SX.^^^VN'^ Lapel condenser microphone Employing 

l»^^''.I^^lS^%*^"C\ electret principle, it is so small it literally 

cannot be seen on camera. Yet its con- 
" - *^. • (jgnser performance with tailored fre- 

quency response and high sensitivity is 
vastly superior to any dynamic lavalier 
microphone. 

The Sony ECM-50 is an excellent exam- 
pie of the new line of Sony/Superscope 
special application products that have a 
unique ability to solve difficult problems 
in modern communications. 

The ECM-50 is available at select Sony/ 
Superscope dealers. For their names, as 
well as complete details and specifica- 
tions, please write Special Application 
Products Division, Sony/Superscope, 
8150 Vineland Ave., Sun Valley, CA 91352. 
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SONY. 




SUPERSCOPE 



We May Have 
The Man 
or 

Woman 



You Need! 




• Announcers • Disc Jockeys 

• Newscasters • Sportscasters 

We've provided thousands of well- 
trained and motivated men and women 
for stations coast-to-coast and overseas. 
Tell us your requirements. We'll put 
you in touch with Career graduates 
(from your part of the country) who 
meet your needs. Na casf fa yau ar 
the graduate. 

CAREER ACADEMY'S 

Division of Fomous Broadcasters 
Notional Placement Department 

611 East Wells Street 
Milwaukee, Wisconsin 53202 
Phone: (414) 272-4823 
TWX: 910 262 1148 



The Sync Track 



JOHN M. WORAM 



COMMUNICATION, 
EDUCATION, & N.A.R.A.S. 



• .■\ fi'w wi'i'ks :!>;<>. .NAKAS — tlic 
.Xational .Araili'iiu' of Kecordiiis Arts 
and Sciences — held a most interestiiif; 
nieetiiif; at .\ & K's 7tli avciuie studios 
in New \ork City. The panelists and 
audience discussed the roles of recording; 
engineer, producer, and arranger, and 
how to get the best tiiat each has to 
olTer, 

I'anelist Mike Herniker snssested 
that N.AR.VS establish a workshop so 
that the various contributors to the 
recordiiij; scene could };ct tonetiier 
regularly for mutual good. Another siig- 
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IMPROVED 
WESTREX 
StereoDisk 
RECORDER 




Since the introduction of the 3D StereoDisk Recorder, Westrex has fol- 
lowed a program of continuing improvement. There are now enough 
signit leant improvements to merit a change of name. The 31) 11, to 
point out just a few of the changes, has better sensitivity in the difficult 
frequencies. It has exact balance between channels. Its crosstalk is low- 
er and its over-all performance has been greatly improved. Write for 
complete details. 



Westrex 



1 1 36 North Las Pal mas Avenue 
Hollywood, Calif. 90038 
Phone: (213) 466-7795 



Division ar i_itton industries 



gestion was "a glossan,- for engineers" 
so that iiriKiiicers could understand 
their terminology. 

If one had to simmiarize the meeting 
in a few words, the X.\K.-\.S ])ress re- 
lease came ver\- close; ". . . .the need for 
greatest commimication between the 
three im]K)rtant contributors to all 
recordings." 

COMMUNICATION 

In an industry where the artist doesn't 
make it unless he communicates with 
his ])ublic, one might hardly think it 
necess;ir\- to talk about communication 
within the studio. Surely, elTectixe 
coniiimnications here are a foregone 
conclusion. 

1 'nfortunately. no. Many recording 
sessions rim into difficulties because 
somewhere along the way. engineer 
and ])roducer — i>r arranger — have not 
ciiniimmicated. Have you e\er set U]) 
for a big instrumental session and just 
as \ou plug in the last microphone, 
someone walks in and says. "Where 
do you want the choir to stand?" Or, 
later on — after you've just usetl up the 
last of 16 tracks, a voice in the control 
room says, "( ireat, now we'll add a few 
guitar parts and we'll be I'lnisheil." 

When little incidents like this come 
up. it's time to start thinking about 
more effective cornnumications. At the 
X.AR.VS meeting, it \\as generally felt 
that most engineers would be more than 
willing to s])end an hour before the 
session talking with the i>rodiicer and 
arranger about the work to be done. 
This of course is an ideal situation, 
but there are some complications. If 
it's going to be an involved recording, 
the ]>re-session meeting should be 
schetlulcd some time in advance of the 
actual recording. This can be a i)rol>- 
lem, since presumably the principals 
are all busy with other coinittmenls. 
and a mutually convenient time and 
place are often all but im])ossible to 
find. 
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If you buy a^^stock" console, 
be sure you know how it's 
stocked 



By the time you finish adding what you really want, your 
"stock" price is a long way off your budgeted figure. 

That's why we don't have a "stock" console. Nobody 
keeps things like consoles just sitting around. Instead, 
we have a basic plan. The RC 168. And it's a lot less 
basic than anybody elses. 

First of all, our basic plan is really planned. Thor- 
oughly. From every standpoint. 

For instance, it comes with complete patching. And, 
any input may be audexed with any output channel. And, 
the wiring is all concealed. And, there are three-knob 
equalizers on all the inputs. 

Moreover, this is one basic plan that stays effective 
for a long, long time. It's a true 8-track . . . meaning it 
will record all 8 channels plus stereo and monaural at 



once! And we've designed in an expansion plan to 
give you up to 24 inputs at minimum cost and no addi- 
tional wirmg. 

What's more, we never forgot that a mixer only has 
so many fingers, so long a reach, and can only see so 
many things at once. So, we made it easier for him. It's 
called "human engineering." 

Like eight pan pots. And slide pot monitor mixing. 
And an eye level meter turret. And a complete monitor- 
ing system. And more. 

You can buy a console for less. But you get less con- 
sole. 

We'd like to tell you more about our RC 168. Because 
there's lots more to tell. And when you hear our prices, 
you'll know it's worth hearing about. 



2 Cue Busses 



Audex Buss Selection 
and Monitor Matrixing 



Complete Tip Ring 
and Sleeve Patching 



8 Stereo 
Pan Pols 



Individual Control Room 
and Studio Monitor Level 
Controls Both Stereo and 
Monaural 




Drop US a note, or call us collect. 

AUDIO 




16 Microphone 

or Line Input (ADM-700S) 

Wired (or up to 24 Inputs 



and Manulacluring, Inc. 

COMPONENTS 
& CONSOLES 

for audio recording 

15645 Sturgeon • Roseville, Mich. 48066 • Phone: (313) 778-8400 
Circle 25 on Re<idcr ScTvice Card 



www.americanradiohistorv.com 



We're very close 
to a lot of famous people, 



This close. And even closer. To the 
Rock-ers and the Bach-ers. To the 
string sections and the swing sections. 
Because Neumann's U-87 is made 

f- : that way. It's the only condenser 
microphone designed to work up-close 
^ without distortion. And with absolute 

fidelity. 
I u It has three-directional patterns. 

y An overload protection.switch. Base 

K roll-off switch. And, of course, it has 

■ ■ the distinguished Neumann insignia on 

B ■ the front— the world-famous standard 

- ■ ■ ^ of excellence. 

The U-87 also has one dis-advantage: We've had reports of lipstick on 
the grille, because performers can get so close to it. 

If you can put up with that, we promise you the greatest separation 
and presence ever. 

Cost: l>342, including cable and mount, and then you're ready to com- 
pare the U-87 with any micro- ^ 

phones you've ever used. You'll ^^S^^>"T~I— I.^X.r^l 
see, they don't even come close. 

Write today for our free brochure. 



AUOlO CORPORATiON 
2 west 46lt) Sirffl. N««.VOfh.N V JOOJfc UI2>C0^411I 
mot. LlB<M Av<., Hollywd C< 90046 (?I])S74 tt4t 
* In Cjnjd«: J Mjr CwcironiCS Lid. 



This is the old 

EMT-140st 
Reverberation Unit. 



This is the 
new one. 





••[: 



What's the difference? 

We've made the amplifier unit solid state. And you can now obtain an inexpensive 
decay period remote controller. 

Nothing else has changed in this superb unit. The EMT-140st is still the world 
standard in the recording and broadcasting industries. Its renowned steel plate 
device gives you the same unmatched stereo/mono performance. And increased 
fringe area reception for AM broadcasts. And unusual flexibility— its decay period 
can be varied from 0.5 to 5.0 seconds. (Try that with an echo chamber!) 

These are just a few of the reasons why every major record company and in- 
dependent recording studio owns at least one EIV1T-I40st Reverberation Unit. Right 
now, more than 1000 are in use from coast-to-coast; more than 2000 throughout 
the world. 

For the complete story, write to- f"^^^ |__| 

day for our free 8-page brochure. It audio corporation 

can make quite a difference for you. 



2 *l*it 46ir)Slrfri NfwYOfh.NT 1 00 j6 (2 I 2) CO b 4 J I 1 
In CtnM* J M4r t^e<l)Onics Ltd 
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An obvious solution is 1u actually 
book a prc-scssion session. Hut, this 
adds to tiie cost of the recording, so it's 
up to the bill-payer to decide if its 
wortii it. More often than not, the 
bill-payer is not an engineer, now will he 
have an engineering background. There- 
fore, regularly - schetluled ])re - session 
meetings will probabU' not become 
standard operating ])rocediire, unless 
the engineering stafT can demonstrate 
that they are well worth it. 

Which brings uii tlie (]ucstion: Are 
they? .Although most everyone at 
XAR.\.S agreed some prc-session com- 
munication was required, time flid not 
permit extending tlic discussion to in- 
clude this jjoint. 

EDUCATION 

I'nder the best conditions, engineers, 
producers, and arrangers may learn 
from each others' exix-rience. One 
arranger pointed out that — via engi- 
neering — he was able to achieve instru- 
mental relationships that would other- 
wise be impossible. For example, an 
acoustic guitar could be heard aliovc a 
brass section. This is ccrtainK- no 
jirobleni, but it does demand careful 
treatment if a musically-credible per- 
formance is sought. When the listener 
hears an acoustic guitar abo\'e the brass, 
chances are the arrangement will suffer 
artistically, even though the engineering 
may be first-rate. .Ml of which moans, 
that as one learns from colleagues, this, 
knowledge must not be api)lied liap- 
hazardU'. The more > ou learn, the more- 
there is to learn — which is certainly not 
a |)henomenon unifpie to recording. 

As the engineer de\elops new tecli- 
nitpics, the arranger or producer must 
learn how to apply them correctK-. 
Likewise, the engineer may learn much 
from a knowledgeable arranger. The 
engineer functions as a translator, con- 
\erting iiuisic into electronics, that 
later ntay be rc-con verted back intrv 
niiisic. The more he learns of music, 
the better equipped he becomes for his. 
work. 

Credit goes to N.AR.AS for beginning; 
this three-way discussion. Hopefully, 
there will be more meetings like this in 
the future — perhaps even a regular scries, 
in the fall, .An upcoming issue of db- 
will feature the subject of communica- 
tion between engineers, producers and 
arrangers. I'erhaps we can rc-con\ ene ;l 
panel of experts on the subject of educa- 
tion. -Any readers interested in ])itching^ 
in with their comments are invited to do, 
so. 

While I'm on this communication 
thing, this is a goo<l time to say once- 
again that letters about an> thing men- 
tioned in this column arc always wel- 
come. If there's anything \-ou'd like to- 
sec discussed, ijlease let me know. .And 
hurry, because in two more months, 1 
will have written every thing I know, 
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The time is tomorrow. The name is TEAC. The machines are the Simul-trak'" Series TCA-40. 
And they're here today. 

This series of tape decks combines the best features of high-quality quarter-track, 
two-channel operation with four-channel stereo capability. It's the best of two worlds, 
in three versions, four channels. 

All three models feature four-channel stereo playback, as well as regular two-channel 
playback with auto reverse. What's more, Models 40 and 41 can be modified later to the 
full four-channel capability of Model 42, at moderate cost. Meanwhile, any one of 
these machines is compatible with your present equipment; no modifications or 
reassembly are necessary. 

So what are you waiting for? 

Simul-trak" surrounds you with sound - and gives you a headstart on tomorrow. 



ANY NUMBEIl 
CAN PLAY. 



2 0 



oo 



0 
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TCA-40 



• 'i-track, 2-i-hanni'l stirco playliai-k. plus l-fhiiiiiifl sttToo 
playback (in-liiu') 

• 'i-track. 2-1,'hanm'l eraso and ivi-onl hciuh foe futuro "step-up" 

• Autdniatit- ri'verst' for unina>rnii)tt'(l playliack (if eonviMitional 
2-fhanni'l tajH-s 

• Readily nidditiod ti> TCA-ll or 12 

• I'.uilt-iii soliii-stati- preamitlilifrs 

• Ideal for diiplieation Master or lopy deck 

General Specifications 

• speeds - 74 and :5-'i ips 

• Motors - 1 h.\ st. syne.. 2 outer rotors 

• Wow and Flutter- n,12'7 {(i T'a ips 

• Fre(|. ResiKinse - itU dB 50-15,()(«) i\z (<i "'i ips 
•S/N Ratio -50 dB 

• Crosstalk -48 dB 



TCA-41 



( II I u titrated) 



• ' i-track. 2-(."hannel stereo playliack. plus -l-channel stereo 
playback (in-linel 

• ' i-track, 2-channel reeord 

• .\utoniatie reverse for uninterrupted playback of 2-ehannel tapes 

• Readily modilied to future l-channel recording eapaliility. or T('.\-12 

• Solid-state playback an<i reeord preamplifiers 

• Otf-the-tape monitoring selector 



TCA-42 



' 'i-track, 2-channel stereo playback, plus 4-channel stereo 
playback (in-line) 

■ 'i-traek 2-channel stereo record and 4-ehannel stereo record (in-line) 
' Automatic reverse for uninterrupted iilayback of 2-channel tapes 

■ Total of 8 separate solid-state playback and record preain()lifierK 
' Off-the-tape monitor selectors 



TEAC 

TEAC Corporation of America • 2000 Colorado Avenue • SanUi Monica, California 90404 
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Theory and Practice 



NORMAN H. CROWHURST 



•As we set older, time seems to pass 
faster. Rereiitly someone (iiiestioncd 
sometliing I wrote alioiit clioice of 
loudspeakers. With some surprise, 1 
foiMKi It was |)riiitwl in 1959. Kea<'hin^ 
for a cojn- of The American Record Guide 
of (Jet()l)er that year, I re-read my 
article — and it hrousht i)ack memories. 

Shortly before that, Consumer Reports 
had i)iil)lislied a piece on loudspeakers 



in which they check-rated a certain 
bookshelf type as a best buy, with the 
further impression that nothing else was 
nuieh rockI for anx thinf;. Understand- 
ably, other manufacturers wore up in 
anus. Hut what could the\- do, singU- 
or collectively? Any public complaint 
woidd do no good: the oracle had sfwk- 
en! 

CU lia<l \ iekled to, if not deliberately 
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The PRO 12 Tape Recorder: industrial 
reliability, studio performance 



□ The PRO 12 deserves your special 
consideration. It is the finest new port- 
able professional tape recorder on the 
market □ Solid state □ Portable/ Com- 
pact □ Twin-track mono; dual half track; 
stereo models □ Special version for four- 
track mono and stereo □ Semi-servo 
speed control □ Mixer/Preamp with 
three inputs for each channel □ Built-in 
facilities for mixing two inputs □ Test 
switch for lineup □ Multi-play and 
Sound on Sound recording □ Switch- 
able monitoring of recording signal dur- 

C'n'cle 29 on Reader 



ing recording — Before and After tape □ 
Built-in monitor amplifier with loudspeak- 
er □ Stereo headphone monitoring □ 
Cue and dubbing facilities □ Tape-lifters 

□ End-of-tape and tapebreak switch □ 
Pause button □ Remote control facilities 

□ For full data, contact the innovators. 
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PHILIPS BROADCAST 
EQUIPMENT CORP. ^ 



Ona Ptiilips Partway. Manlvals. N.J. 0764S • 201/391-1000 
A NORTH AMERICAN PHIUPS COMfJ^NY 
Semiee Card 



encouragccl, the misconception that one 
piirticular model loudspeaker was imi- 
versalU- best. JJefore that. I had w ritten 
a ntimber of articles that appeared in 
various publications, stressing that dif- 
ferent t>iK-s e.\cel in different environ- 
ments, and suR«estin« that a customer 
should be helped to select a speaker 
system to suit his room. 

Cl"s article had suggested that 
writers like me pamlered to manufac- 
turers of inferior units that did not 
liai)pen to merit, in their opinion, the 
check-rating reserved e.vclusively for 
that certain brand of bookshelf speaker. 
This just was not true. .S<i I wrote an 
article, by invitation, published in 
The American Record Guide, to refute 
their [Hfsition in detail. 

-Since then loudspeaker <lesign has 
shown considerable progress, particular- 
ly in the develoiMiient of better book- 
shelf speakers. This was an inevitable 
outcome of ClJ's presentation. With 
their following, millions would believe 
their "unbiased" news that i)ookshelf 
were best. And ever>- manufacturer 
naturall>- would like a little of that 
gravy- 

.So if he did not already have a bo<)k- 




Figure 1. An explanation of small-speaker 
bass, after Crowhurst, oversimplified, Hi-Fi 
Made Easy, 1959. 
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Oh! 



With so much critical attention, 
you'd think more critics would 
have mentioned the sound. 

Perhaps they didn't notice it. 

We can think of no higher 
praise. 

Because the best sound 
reinforcement systems are 
designed to support — not 
dominate — the action. 



Or write us for a reprint. 

We'll also send you technical 
literature on the Sentry speakers 
and RE-15 microphones Bob used. 
Rated M for mature audio men. 



ELECTRO-VOICE, INC., Dept. 703BD 
686 Cecil Street. Buchanan, Michigan 49107 




A SUBSIDIARY OF GULTON INDUSTRIES, INC. 



To find out how Robert Liftin 
did it, read the Nov/Dec issue 
of Theatre Crafts. 

Circle 20 ofi Rcadi) Service Card 
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A MATTER OF SIZE 



WANTED— A PERFECT CORNER 



WHAT 1?cMM 

A s IT IN •? 




Figure 2. On explanation of horn-speaker problems, using the same source as Figure 1. 



shi-lf speaker itt his liiii', he iiad i)ft(er 
niake one. 'I hose witii a commitment 
to (jiiality tried to make sure il xvas 
wortln- of llieir label, when thej were 
through. Some pretty wonderful things 
ha])i)ene(i in loudspeaker design, it is 
true, hut tiie basic facts did not chanjie. 
If >ou are looking for what CU im- 
plied is possible — a unit that has liu- 
magic of introducing jwrfection in re- 
])roduction into an>- environment where 
you i)iit it— forget it! The first thing to 
learn is that re]>roduction is, even at 
best, an illusion. The story of high- 
lidelity re]>roduction lias i)een the stor\ 
of producing better and better illusions. 

Vou cannot actually put Carnegie 
Hall in your living room, \'ou can only 
introduce an illusion of listening in 
Carnegie Hall into >our living room. 
The real question is how to get the 
best illusion. And the answer to it 
depends largely on the individual listen- 
ing room. 

The first thing to realize is that you 
are audibly aware of your surroundings, 
before c\ er the speakers start to rei)ro- 
duce. The room nia>- ha\e brilliance, 
due to hard surfaces; deaclness, due to 
soft, plushy surfaces; a fiig resonance 
due to sy mmetry of its dimensions; and 
so forth. Whether you conwiously 
evaluate this or not, it is there, in \our 
subconscious — ]iart of ever>'thing you 
hear in that room. 

Xow you turn on the loudspeakers to 
listen to some ])rogram. If the system is 
skillfully designed, it may change the 
illusion of the room \-ou are in, as well 
as conve\ ing a ])rogram to you. But il 
cannot eradicate the room, nor should 
it, altogether. For that would be 
unnatural. 

'I'he sound to which we listen is a 
comijlex thing, indeifl: a nuiltii)licity 
of fre(|uencies, ever changing, proi)a- 



gated in the s])ace in which we listen. 
.\ml a lot of sheer bunk is talked about 
it. We hear, for exam]Je, about "low- 
frecjuency transients" — meaning, pre- 
sumably, the way a 40 llz tone can 
start suddenly. If it ever does that, the 
start tones contain a lot of comix)nents 
much higher than 40 Hz. and it is upon 
these that the transient illusion de- 
l)ends, not on the 40 Hz itself. 

I'e()])le's (]uestions about loudsi)eak- 
ers as reproducers tend to divide into 
two grou])s: concerning the low- and the 
high-fretjuency comixinents. 

l'"or the low fre(|uencies, we have the 
choice of: high-mass, high-compliance 
units mounted in small infinite baffles, 
commonly calli-d bookshelf sjieakers; 
bass-reflex baffles or enclosures, stjme 
of them going p:irt wa>' to the high-mass 
high-compliance apjiroach; conventional 
sized infinite-baffle enclosures, using 
conventional, high - efficicnc\- design 
loudsiwaker units; and long folded 
horns, again fed b>- relatively' Iiigh- 
efTicienc)- units. 

All exceirt the horns are intended to 
fill the room with low-frecjuency sound 
pressure. The horn ty])e intends to 
]iropagate a low-fre(|iiency sound wave. 
Right there is a fundamental difference 
in a])i)roach. The first group of types, 
to which most loudspeakers sold today 
belong, rel\- on feeding into an essential- 
l\- closed r<K)m, while horns should feed 
into comi)lete absence of enclosure: the 
room should have no walls to throw 
back the sound waves it generates. 

Obviously, neither ideal is completely 
realized. In a lx>ok of mine (now out of 
I>rint), I satirized one of these situations 
with a little cartoon (Figure 1), And 
the horn ideal is one comi^romise 
after another (Figure 2), First it should 
be big, but then you'd have nowhere to 
put it. So it can be sectioned and 
folded, but that poses more jjroblems. 



Then il needs putting in a perfect 
corner, which does not seem to exist in 
most houses. 

And a horn in a small room is a long 
way from ideal, because of the reflec- 
tions from walls that are not very far 
away from the speaker, in terms of low- 
fre<|uency wavelengths. But in a large 
room, and correctI>' placed, a horn may 
well be the best form of loudspeaker. 

ICacli of the other tyjies re\er.<es 
the internal balance of things. In the 
horn, the front is loadwl by the acoustic 
impedance of the horn, which eventualK- 
feeds the sound wave into the room. 
The horn is the major load on the 
diaphragm's movement (Ki<;ure .1). 
So incorrect termination due to room 
rellections can reflect all the way back 
to the amplifier. 

In all the box-type speaker.s. the box 
itself ])rovides the major control on 
diaphragm movement; the sound wave 
radiated into the room has relatively 
little effect on diai)hragni mo\ement 
(Figure 4). So the sound wave pro- 
duced in the room depends on the size 
of the room com])ared to the size of the 
box that controls diaphragm move- 
ment, Tiiis is wh\> box and bookshelf 
s])eakers are better in smaller rooms. 

Before we lea\e the low frei|uencies, 
we should discuss distortion. .\s high- 
fidelit\' enthusiasts, we should he com- 
mitted to find the system with the 
lowest distortion, right? Ma>bc. This 
is a problem that has ])lagued loud- 
s])eaker manufacturers for a long while. 

Find a unit that rejinxluces fre- 
([uencies below 40 IIz with ver\- low 
distortion, and one tliat has more con- 
ventional amounts, and use a pure-tone 
source to compare them. If you ai)preci- 
ate what low distortion at these fre- 
(|uencies means, \ou will like the fact 
that, from the low-distortion unit, you 
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Via Valtorta, 21 
20136 Milano. Italia 
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Fisure 3. Why load- 
ing on the dia- 
phrasm of a horn 
speaker is more effi- 
cient, and more sus- 
ceptible to incorrect 
termination of the 
acoustic wave. 



HEAVIEST DIAPHRAGM 
LOADING DUE TO AIR 
IN THROAT \ 




MUCH LESS LOADING 
DUE TO ENTRAPPED AIR 
BEHIND DIAPHRAGM 



Figure 4. Any box- 
type speaker is little 
affected by the room 
in which it plays, 
but It tends to be 
more efficient in 
smaller rooms. 



MUCH LESS LOADING 
DUE TO FREE AIR IN 
MUCH LARGER SPACE 
OF LISTENING ROOM 




MAIN LOADING DUE TO 
AIR ENCLOSED BEHIND 
DIAPHRAGM WHETHER 
VENTED OR NOT 



Figure 5. A reflex 
speaker that uses a 
drone cone instead 
of a port helps to 
understand the prin- 
ciple and relative 
advantage of the 
method. 




hear verj' little, and tend to feel the 
frequencies more than you hear them. 

But most people are listening to de- 
termine wliich gives the most audible 
bass. And the one with more distortion 
undoubtedly does that! So most buyers 
will pick the one with more distortion, 
really (although they do not know this) 
because it has most distortion! 

Another factor to be considered is 
intcrmodulation distortion, which intro- 
duces Doppler effect. The loudspeaker 
may be perfect at reproducing all the 
frecjuencies it handles, one at a time. 
None of them is distorted, let us say. 
Hut it can still produce quite serious 
Doppler distortion, which results in 
intemiodulation. 

This is because when it reproduces a 
lower and a higher frequency at the same 
time, the diaphragm is going back and 
forth at the low frequency while it is 
also reproducing the higher frequency. 
W hen it is moving forward at the lower 
frequenc>', the high frequency is raised 
in pitch, as is a car horn, when the car is 
approaching >ou. When the diaphragm 



is moving backward at the lower fre- 
quency, the high frequency is similarly 
dropped in pitch. 

Bookcase speakers, with their large 
diaphragm movement at low frequen- 
cies, are particularly susceptible to this 
form of distortion, however well they 
are made for linearity at individual 
frequencies. 

The only way to avoid this is to 
reproduce dilTerent frequencies from 
enough separate diaphragms, or else 
to be sure that movement, even at low 
frequencies, is kept small. Using sepa- 
rate diaphragms means electrical or 
electronic cross overs are needed, to 
see that each diaphragm gets the cor- 
rect range of frequencies which ideally, 
for this purpose, should not exceed an 
octave. 

This approach introtluces as man>' 
jiroblems as it soK-es, because the 
electrical crossovers produce excessive 
phase shifts between successive octa\'e 
hands. The alternative is to keep the 
diaphragm movement small. This can 
be achieved in one of two ways, to 
achieve appreciable energy radiation: 
either work the diaphragm into higher 
acoustic air pressure, as does the horn; 
or use a larger diaphragm area. 

The latter can be achieved, either by 
using a very big diaphragm for the bass 
frequencies- -a super woofer — or by 



using many more smaller speakers, con- 
nected so their diaphragms move in 
phase, and thus move the total air to 
form a big wave without individual 
diaphragms having to move so far. 

Before leaving the question of hand- 
ling the low frequencies, I must say 
something about bass reflex, because 
many ask about them. One can theorize 
in a number of ways, but something 
that can be visualized in a practical 
way is always more meaningful. Assume 
you make two identical holes in the 
box, put an active speaker in one, and a 
drone cone, with no voice coil or mag- 
net, in the other (Figure S). 

Throughout the upper range of fre- 
quencies, the drone does virtually noth- 
ing. At the lowest frequency the loud- 
speaker reproduces before it starts 
a rapid cut-off, both diaphragms move 
about equally and in phase. The active 
cone dri\ es the air to produce a pressure 
resonance in the box. The drone is like- 
wise driven by the air pressure in the 
box. 

So you could approximately cut the 
thing in half and view it as a loud- 
speaker with two driven cones, radiat- 
ing ver>- nearly equally, at this fre- 
quency. Thus bass radiation at this 
frequency is achieved for about half the 
diaphragm movement needed without 
the reflex action. ■ 



db 



Bind 



ers 

only $4.95 
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Heavy-weight binders are now available to 
hold a Full year's supply of issues. 
Rich brown leather-grained virgin vinyl, 
with our name printed in black on the spine 
and front cover, is electronically sealed over 
rigid board to give your volumes of db 
lasting protection. Keep your copies pre- 
served in perfect condition, protected from 
dust and damage. 
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FSTUDIO IN USE • 




THROUGH 
THIS DOOR 



PASSES THE INDUSTRY'S MOST COMPACT 16 TRACK RECORDER 
WITH LOTS OF ROOM TO SPARE, AND LOTS MORE TO OFFER! 



The 3M Brand 16 Track Recorder is unexcelled in the 
familiar studio game of squeezing the most out of 
floor space. Overall base dimensions are 27 Inches 
wide by 22.5 inches deep. (In square feet that's only 
4.2.-) 

But compactness is only a small part of the story. 

Added to this space economy, studios continue 
to enjoy the top performance that has made 3IVI's 
professional audio recorder a new standard in the 
recording industry. In the last three years, playback 
pre-amp and overdub noise has been improved by 



10 db. Mincom's exclusive Isoloop* tape drive uti- 
lizing a differential capstan maintains constant tape 
tension in just 3'/^' of unsupported tape. This results 
in the lowest wow, flutter and scrape in the industry. 
Erasure has been improved by 10 db. 

Plus: DC transport and dynamic braking, 
advanced electronics, unequalled no-stretch no-snap 
tape handling, stable and rugged 1.5-inch cast top 
plate— and Remote Sync Control, 7'x7"x4', included 
at no extra cost. 

Write for details and specifications. 



3m 



mincom Division 

3M Center • St. Paul, Minnesota 5SI01 
300 South Lewis Road ■ Camarillo, California 93010 
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Sound with Images 

MARTIN DICKSTEIN 
IMAGE BRIGHTNESS II 



• Ut'forc continiiinj? v\itli iikmIuhIs to 
calculate projector oitt])iit re(|iiirenients 
or estimate the re(iiiired imnne hritjlit- 
ness for (ilm aiul slides, it riiij;ht he 
liest to set tlie record straight on some 
details that were (»i\'en in the ))re\toiis 
discussion of inia);e l>ri);htness. 

The recomnieiuiwl \ahie for screen 
luminance for l)oth 35-mni and 16-mni 
tihii, « hen ])n)jecte<l in a viewing; room 
(small audience), is 16fl., plus or 
minus 2. I'lie recommeiulefl vahie for 
screen luminance in an indoor theater 
(showin); ,l.S-nim lilms) is 16fl,, ])his 4, 
minus 6. The SMPTI-l also sun^csts 
that lirightness should not he in c\cess 
of ISfL in tlie showing of 16-mm films. 
This is to avoid the apjwrent flutter in 
the image when the illtnuination is t()<) 
high. Also, the SMPTI-: recommends 
that in the jiresentation of slides, the 
htminance should exceed 3 foot-lam- 
herts. In indoor theaters, for ,S,S-mni 
film, recommendifl lirightness should 
he Ijctwcen 5.5 and 2()fL within si)eci- 
fied angles of viewing. 

When a f(X)tlanil)ert meter is not 
availahle, a rough estimate of the 
stray light falling on the screen can Ite 
made hy judging the readability of a 
ncvvsimper. If a large headline (about 
1-in. lettering) can just be barely made 
out when placed in front of the screen, 
the ilhmiination can be judged to be 
about 0.1 fl.. If a news|Kiper coliinm 
is bareK- readable when placwl in 
front of the scrii-n, the strav light can 
be estimated at about 1 fl.. If the 
newspai)er colunui is (|uite legible 
when held tt)) in front of the screen, 
the light falling on the screen can be 
"giicstimated" to be about 10 fl.. 

This, then, prov ides a rough idea of 
the stray light falling on the screen with 
the room darkened to normal iirojec- 
tion conditions with the i)rojiTtor 
turned on but with the lens capiKti to 
prevent the light from hitting the screen 
directly. Multi])lyinR this value bv the 
brightness ratio re(|i!ired by the t\pc 
of slide material to be presented will 
give an idea of the mininumi screen 
brightness needed for proi)er legibility 
of the projected material. (.Slide ma- 
terial, to recap briefly the suggested 
categories, where high detail of color 
or black-and-white values nuist be 
seen is given a brightness ratio of 100 
or more. When gocxl-ciuality diagrams 



are shown, a ratio of 25 might be accept- 
able, and when t\ pewritten material or 
simple bar charts or grajihs are i)ro- 
jected the ])roper ratio could be con- 
sidered to be 5.) 

It must be emphasized that the 
metluKl of estimation of stray screen 
illumination is onK- a ver\- rough guide 
and should not be used as a hard-and- 
fast criterion for setting uii a projection 
s\ stem. It must be rentemliered that the 
value estimated for imago brightness is 
a ntininuini value oiil\-. ami as there is 
no to]) limit to the brightness of slide 
images (except for the iiossible washout 
fif the image deiK-ndtng on the slide 
itself), it might be well t<) include a 
nuiltipKing factor in the calculations 
when judging the required image 
brightnes.s. .Also, remember the sug- 
gested mininunn vahies tluit are recom- 
mended. 

.After a value for a .S5-mm slide image 
brightness has been calculated (based 
on stray light and material to be 
projected), it now Iiecomes necess;m- 
to decide on the variotts factors of the 
t)rojection system which will provide 
this re<niirement. If all elements of 
the total system were ideal, or assimied 
to be so, the requirc<l output, in lumens, 
of the projector could be found simply 
l)y nudtiplying the required htminance 
(stray light X material factor) by the 
area of the itnage on the screen. This 
figure irulicates what the jirojcctor 
must put out if it is to iirovide the size 
of image desired with the necessary 
brightness. The basis for each of the 
\*ariable fact<)rs iiu-«)l\-ed in this calcula- 
tion will be discussed sul)se(|uentlv. 
However, note at this ])oint that the 
screen is assumetl to be an ideal matte 
with a rcdcction factor of I (incident 
light is reflected without l<)ss or in- 
crease), 

.A similar figure for output re(|uire- 
ment can he achieved 1)\- muhi])King 
the incident light (in footcandles) b\- 
the brightness ratio for the material 
to be projected and by the area of the 
desired image. (With most projectors, 
the lumen output is available from the 
manufacturer based oi) the lamp and 
lens being used or furnishetl as standard 
e(|uiptuent.) .A more rigorous calculation 
is achieved, and a more accurate result, 
when the screen is divitletl into 9 etjual 
areas — .S horizontal, 3 vertical — -acro.ss 



the full projected image. The incident 
light is then measured in footcandles 
at the center of each area. The total 
incident light is calculatcxl by adding 
up all the readings. This is in turn 
multiplied by the area of the ijiiage and 
the i)ro(hrct is divided bv 9, (.Area is in 
sipiare feet.) This rtnal figure is the 
outynit in lumens re(|iitred of the jiro- 
jector. 

It nuist be remembered that aI)o\ e 
calculations are based on the fact that 
all elements of the s\stem have been 
assumed to be ideal. .As this is not 
realK- true, it becomes necesstir\' to 
include some or all of the variables int<) 
the calculations for projector out])ul 
rc(|uirement, if a more accurate value 
is <lesired. 

Meginning with the assumption that 
the format of the i)ri)jectcd slide is the 
most common 35-nun double frame 
variet\, we can start with the size of 
the iniage. Image size is determined b\ 
the throw distance and the focal length 
of the lens being usi-d. .Sometimes it is 
])ossible to decrease the ])rojection 
tlistance and thus reduce the size of 
the image to the |X)iiit where the 
brightness is accei>table. .Sometimes, 
because of the size of the room and tlie 
number of i)ersons in the audience, 
this is not i)ossible. The image size can 
still be retiuced by using a longer focal 
length lens. (However, changing the 
lens also sometimes changes the speed 
of the lens, another \ariable to be con- 
sidered.) 

If the distance of the farthest row of 
seats demands a large width of jiro- 
jected image, and the size of the imago 
can not be reduced sufftcientK- to result 
in an increased brightness, perhaps tlie 
screen material can be changetl. He- 
jiending on the viewing angles of the 
audience, it might be ix5ssible to u.si' a 
screen with a rellective factor greater 
than 1, resulting in a gain in the bright- 
tu-jis of the rellocled image. For ex- 
am])le. screens that are lenticular, 
tiietallic or beaded ha\ e much higher re- 
flective factors than matte; the latest 
screen on the market has a reflect i\-e 
factor of 1 2 as com])arefl to 1 .00 of ideal 
mat te, 

.Although the above discussi-d front 
projection, primarily, it is al.so true that 
there are difTerent types of rear-pro- 
jection material available with a varietv 
of transmission factors so that a ma- 
terial could be chosen which hatl a 
relativeK' high gain in i>assing the 
image light. However, care must be 
taken as the angle of light disjK-rsion 
also changes and the material chosen 
only for its gain ma\- restrict the seating 
area of the audience to an unacceptable 
extent. 

Another \ariable which can be con- 
trolled is the lamp used in the pro- 
jector. There are difTerent lamps which 
ha\e difTerent wattage ratings with dif- 
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TIMEKEEPEd 



PrDducis ot unusual interest 
to the Audio Engineer 



RANGER FREQUENCY/PHASE 
RESPONSE TEST RECORD 




Checks frequency and phase response, noise and distortion, speed variation. 

Designed to provide a precise and rapid evaluation of disc playback eculpment. 

45 rpm disc of highest quality, no other equalization is required to interpret 

the recorded square waves. The 1 kHz square wave has a tilt of less than 1% at a 

velocity of 7 cm/sec. Overshoot and ringing purely a function of replay. 

1 kHz sine wave useful for level and distortion measurements. Typical distortion 

measurements (using a 500Hz high pass filter) less than 2% . 

Silent groove for rumble evaluation. Permits measurement of signal-to-noise 

of 50dB. A 3kHz signal recorded for standard flutter measurements. 

A most useful tool for evaluating any disc playback system. 

Test Record RRM-002-$6.95 



ERASETTE TAPE CASSETTE 
DEMAGNETIZER 




Utilizes advanced degaussing techniques with results equalled only by the 
most expensive laboratory units. If you use cassettes and require thorough and 
complete erasure of recorded material then you must try the ERASETTE 200B. 
You will be delighted at the performance of this amazing, yet inexpensive unit. 
ERASETTE Model 200B- $15.95 



The recorded portion of the magnetic tape can be read at a glance by a 
scale division of Va second as accurately as a clock. 

The performance of the TAPE-TIMER synchronized with the tape, prevents such 
errors as caused by the elongation or contraction of the tape, and by the 
variation of speed in the rotation of the machine. Fast forwarding of the tape 
involves the proportional increase of the advance on the TAPE-TIMER. When you 
rewind the tape, the pointer will be automatically moved back by the space of time 
exactly corresponding to the rewound length. You are free to stop, rewind, 
fast forward, or forward the tape without deranging the timing on the machine, thus 
prohibiting errors. Enables you to simplify the most complex tape editings. 
Every rotating part is provided with a precise ball bearing, so that the 
TAPE-TIMER can be employed at high speed with no need of lubrication. 
This trouble-free high precision TAPE-TIMER, within an error of 2/1000, 
can be simply fitted to any recording or editing machine. 

(A) Professional High Speed Tape Timer (7V2-15 I.P.S.)- $99.95 

(B) Standard Model (3% -7'/! I.P.S.)- $49.95 



CERTIFIED HYGROMETER 




Hygrometer No. 167 is certified to be accurate within • 2% . The dial indicates 
the complete range of 0 to 100% relative humidity and each instrument has been 
tested at three different positions of the dial at temperatures ranging from 32° to 
230 F. 

Specifications: Casing solid brass with gleaming finish, black dial with white 
numbers and lettering, red tipped pointer, casing is drilled for wall mounting. Usable 
in temperatures up to 230 degrees. Dial is direct reading without any calculations 
whatsoever. Size 6 inches overall, dial face 5 inches in diameter. — $29.95 



SINCLAIR-AUDIONICS MODEL Z-30 
AUDIO AMPLIFIER MODULE 



To order send check or 
money order and specify 
quantity and item. N. Y. 
state residents add 5% 
sales tax. All TIMEKEEPER 
products fully guaranteed or 
money refunded promptly. 
Add $1.00 per unit for shipping. 

TIMEKEEPEF 

P.O. BOX 762 MINEOLA. N.Y. 11501 




Extremely versatile amplifier module for a wide variety of uses. Boasts extremely 
low harmonic distortion of less than .02% at maximum rated output. Uses nine 
silicon epitaxial planar transistors In unique circuit with over 60 dS of negative 
feedback plus a constant current load to the drive stage using two transistor 
circuit instead of the usual bootstrapping technique. High performance, low cost, 
small size and utmost reliability. Two year replacement warranty. 
Power output: 20 watts continuous from 30 volt supply into 4 ohm load, 15 watts 
into 8 ohm load. 

Frequency response: 30 to 300 kHz 2;ldB. 

Distortion: Less than 0.02% at 1 000 Hz at full output and all lower power levels. 
Distortion on each end of the audio spectrum remains appropriately low. 

• Dimensions: 3Vi x 2Vi x V: inches • Noise figure: — 70dB unweighted 

• Input impedance: 100k ohms • Supply voltage: 8 to 35 volts DC 

• Damping factor: 500 -$15.95 
PZ-6 Regulated Power Supply tor 35 volts up to 1.4 amps sufficient to drive 
a pair oi Z-30's— $23.95 

PZ-5 Power Supply similar to PZ-6 but provides 30 volts up to 1.4 amp 
unregulated — $13.95 

Circle 3y on Reader Service Card 
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ferent life ratings ami under dilTerent 
source voltages. Any tests made of the 
out])ut of a projector should be made 
with a new lani]) as many lamps darken 
and fall otT in outi)ut with age. An iin- 
ix)rtant eoiisideration in some installa- 
tions ini};ht he the brightness of the 
lamp rather than the rated life ex- 
pectancy, depending on the material 
to be shown and the antici])atcd usage 
of the ei|uii)ment — and the cost of re- 
])lacement of lanii)s. 

Two more \ariables \\hich may be 
controlled, dei)eiuling on the installa- 
tion, are whether the image is ijrojecti-d 
through glass and whether the image is 
thrown onto the screen with or without 
the use of a mirror. If the slide is glass- 
mounted, a small amount of light is 
lost in passing through the glass sides 
of the mounting. Also, if the projector 
is located in a projection rooni and not 
in the conference room, it is possible 
that a jxjrt has been allowed for pro- 
jection, and this port hole may or ma>- 
not he sealed with a jiiece of glass, if 
there is glass dividing one room from 
the other, another bit of light is lost. 
The glass should be of the water-white 
variet\' which allows i)rojection with a 
mininunu loss of light. A mirror al.so 
causes a certain ainouiit of light loss 
and although the amount is small, it 
should be included in calculations for 
greater accuracy. 

To illustrate c|uickly the variations 



])ossil)le in the factors presented in slide 
projection, let's look at the items men- 
tioned : 

Screen: kleal matte factor is 1.00, 
metallic lenticular is rated at 2.00 and 
beaded at 2.80. Ordinary matte ma- 
terial is rated at 0.85 (loss of 15 ])er 
cent). 

Rear-projection material: .Average 
is 2.25, highly dilTusing is 0.75, and 
highly directional is rated at 4.00. 

Lamps: If a UIClv is rated at 1.00 
at 120 volts, it is ratwl at 0.75 at 110 
\-olts. A I)I:L (also 500 watts) is rated 
at 1.2 at 120 volts and 0.9 at 110 volts, 
but the life is lower of the DKL than is 
the expectancy of the DI''K. 

Lens: Considering a 5-in. f/3.5 as 
1.00, a 3-in. f/3.5 is rated at 0.75 while 
a 7-in. f/3.5 is rated at 1.07. The zoom 
lens is 0.89. 

For a glass-nu)unte<.l slide, the light 
loss is about IS per cent of an im- 
mountcd sli<le and by shining through 
two surfaces of projection window, 
about 10 percent light is lost. Reflection 
from a mirror causes another loss of 
about 10 per cent over direct ]>rojection. 
Thus, the factors to he used in the cal- 
culations for glass-mounted slides, jjort 
windows, and a mirror are 0.85, 0.9 and 
another 0.9. 

In 16-inm projection, similar factors 
determine the brightness of the image — 
with one difference. The screen ma- 
terial (front or rear), the lamp (its 



power rating, ojierating voltage and 
life expectanc)), whether there is 
I)rojection window glass or not, whether 
a mirror is used, and the area of the 
screen image, are all still factors (per- 
hai)s, to a slightly different extent 
than with slides, but nevertheless \er>- 
iiii]X)rtant). in the film i)rojector, be- 
cause of its mechanism and the method 
of operation, there is a shutter. Sonic 
projectors have two-bladed shutters 
while others have three blades. Since 
the three-bla{|ed unit interrupts the 
ligiit more often (three times per revolu- 
tion as compared to two times in the 
two-bladed units) there is a 30 j)er 
cent loss of light. It should be remem- 
bered that in 16-nim projection there is 
no image brightness value (as there is 
in slide projection) dependent on the 
material to be projected. There is, how- 
e\x'r, a reconimeuded image brightness 
which is the guide for establishing the 
sy stem elements. 

To indicate quickly and brielly the 
relati\e \alues of the controllable fac- 
tors in a 16-mm system, a 2 in. f/1.6 is 
rateil 1. 00 while a 4-in. f/2.5 is rated at 
0.52. The 1000-watt lamp operating 
at 120 volts is rated at 1.00 while a 
7.S0-watt lamp at the stune voltage is 
rated at 0.75 antl a 1200-watt lamp at 
115 volts is rated at 1.00. X'^alues of 
.screen material, window glass antl 
mirrors have the same relati\e stand- 
ings as with slide projection. ■ 



FASTEST LIMITEH 1176 LN" 

NOW 6dB LOWER NOISE-AND A NEW LOOK! 

It's the same reliable 1176 — the Industry's most popular limiter. All we've done is belter the signal- 
to-noise ratio by 6dB — and wrap it in an attractive new package. It still has the same ultra-fast 
"Gun-slinger" attack time (less than 20 /t sec). Same "quick draw" push button selection of four 
compression ratios, and adjustable attack and release times. Same compact 19" rack mount size 
— 3'/2" high. Put your brand on one. Send for complete technical details today! 





A modular LN kit is available lo up-date standard 
1176 models. Conlact your dealer or write 
(or details 




1 1M? Valerie Street No. Hollywood, 
Calilornia 91605 (213) 764-1500 
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Synchronous Recording 
Techniques 



SIDNEY L. SILVER 



The many methods of recordins synchronized 
sound with motion picture are detailed. 

Sound on film-tape, conventional audio tape, 
and cassettes, as well as transfer systems 
are discussed. 



N MOTION picTi'RE PRODiicTioN, the Synchronization of 
audio and visual information is commonly achieved by 
recording the sound track separately on a sprocket- 
driven magnetic-film recorder, using the same film gaguge 
(16mni or .^.Smm) as the picture stock. .Xssuming that the 
motion-picture camera and the magnetic-film recorder are 
druen by synchronous motors from the same a.-c. source 
(either 120-V slngle-jihase or 220-V three-phase), the drive 
motors will hold precisel>- the same sjieed relationship once 
they have attained synchronous speed. 

.An alternate method of synchronizing sound for motion 
pictures is to employ a quarter-Inch magnetic-tape machine, 
in which a synchronizing pulse, or control signal, is recorded 
on the tape along with the program material. This sync 
signal can he considered as a series of Invisible sprocket holes 
which i)rovide a ]x)sitive index for the subsequent control 
of tape movement during reproduction. For line-current 
oi)eration, the sync pulse can easily be deri\-ed from the same 
power source through a ste]^do^^•n transformer. The mag- 
netic tape is then s>-nchronoiisl>' transferred, or resoUed, to 
sprocketed magnetic film so that the normal editing and 
other production processes can be carried out, and the sound 
track finally ])rintcd as a standard optical track on the pic- 
ture film. 

The use of K-in. taix; as a synchronous recording medium 
otTers a ]jarticular advantage in location recording, because 
of the reduction in the size and weight of the sound e<|uip- 



Sidney L. Silver is with the United Nations Telecommunica- 
tions Center at U.N. Headquarters in New York City. 



ment required, as well as the recording material Itself. At 
the present time, there are a number of compact, lightweight, 
fully transistorized tape machines available for location re- 
cording, whose iierformance quality is comjiarable to their 
studio counterparts. Since these recorders are l)atter>-- 
operated, they must incorporate some method of stabilizing 
the voltage source, not only to maintain the precise adjust- 
ments of the bias and recording currents, but also to main- 
tain the d.-c. motor at a constant speed. The tape machine 
must also be equipped with a built-in facilit\- for handling 
and retaining synchronization between picture and sound. 

SYNC-PULSE SYSTEMS 

Several techni(|ues for synchronizing the sound track from 
14 ta])c recorders with motion-picture cameras ha\e been 
develo])ed, each of which accomplishes the same end result 
in a different wa\'. In these systems, the objective is to 
magnetically record a sx nchronizing pulse on the same tape 
as the program sound In such a manner as to a\ old cross-talk 
interference between the sync jnilse and audio signal. For 
practical reasons, a 60-Hz s\'nc pulse, or pilot tone, is used in 
the U.S. because this conforms ^^■lth the standard ix)wer-linc 
fretpiency. In those parts of the world where 50 Hz is the 
standard line frequencj-, a 50-Hz sync signal would be em- 
ployed. The simplest approach is to use a dual-track tape 
machine in which the program material is recorded on one 
half of the tayx width and the sync pulse on the other half. 
This tcchni(|ue. howc\cr, docs not fulfillprofessional re- 
quirements, since the ta]ie cannot be re])roduced on full- 
track equipment. -Moreover, dividing the audio tape area in 
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Fisure 1. The Neopilot system uses a push-pull 
sync-pulse head. 
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half reduces tlie signal-to-noise ratio by 6 dB. 

Another method of synchronization is the Fairchild system, 
in which a 14-kMz carrier signal, modulated by the 60-Hz 
line frequency, is magnetically recorded with the same record 
head used for the program sound. In this arrangement, the 
modulated carrier-signal level is about 30 dB below program 
level, so that it does not interfere with the sound material. 
In reproduction, the 14-kHz carrier is demodulated and the 
60-Hz signal is used for synchronization. For maximum sta- 
bility of the carrier frequency, it is preferable to record at 15 
in./sec, but under optimum operating conditions, a tape 
speed of 7}^ in./sec. is acceptable. Unfortunately, the high- 
frequency carrier signals are subject to dropouts (due to poor 
tape-to-head contact) which are caused by any accumulation 
of foreign niaterial on the tape surface. 

In general, most synchronous recording systems employ an 
auxiliary record/reproduce head, or sync-pulse head (usually 
positioned between the program record and playback heads), 
which records an independent pilot track in a narrow portion 
of the tape width. Biasing for the sync-pulse head is provided 
by the local bias oscillator of the tape machine, which efTec- 
tively maintains a pure 60 Hz pilot tone. Without a biasing 
arrangement, harmonic frequencies of the sync signal would 
be generated which could be picked up by the program heads, 
resulting in cross-talk interference. 

In one scheme, known as the Pilol-Tone system, the 60-Hz 
sync signal is recorded in the center portion of the tape width, 
with the sync-pulse head gap oriented exactly perpendicular 
to the program record head slit. This results in a transverse 
recording in which the magnetizing force is at an angle of 
90 degrees to the direction of tape movement. In contrast, the 
program record head uses longitudinal recording where the 
magnetization is parallel to the direction of tape travel. A 
disadvantage of this sjstem is that the sync-pulse head 
utilizes a rather wide gap (about 20 mils), which prevents a 
good bias action, and hence reduces the signal-to-noisc ratio 
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Fisure 2. This synchronous recording system uses inlerconneclins 
cable between the camera and tape machine. 



of the sound track. In the RangeHone system, the sync pulse 
is also recorded in the center of the tape, but the head gap 
is rotated about 87 degrees out of azimuth from the program 
record head slit. This angular position produces a reasonably 
wide pilot track, but the sync-pulse head adjustment is ex- 
tremely critical and hum pickup on the sound track is a diffi- 
cult problem. 

Another method of synchronization is the Perfectone sys- 
tem, which employs longitudinal recording of the sync pulse 
and the audio signal. Here the sync signal is recorded in push- 
pull by a dual sync-pulse head, with the pilot tracks occupy- 
ing the outer edges of the magnetic tape. Since both tracks 
are 180 degrees out of phase with respect to each other, a 
cancellation effect occurs when the tracks are reproduced by 
by the program playback head, thereby reducing cross-talk 
to a minimum. A variation of this technique is the Echelon 
system, in which the sync signal is recorded in-phase on the 
outer edges of the tape, but the pole pieces of the dual head 
are somewhat displaced from each other. The cancellation 
effect is achieved by staggering the sync-pulse head gaps 
at a distance of one half the wavelength of the 60 Hz sync 
signal. A limitation of this system, as well as the Perfectone 
scheme, is that any crimping or weaving at the edges of the 
tape would tend to make the sync-pulse area critical, and 
hence the synchronization process would be unreliable. 

At the present state of the art, the most widely used tech- 
nique for synchronous )<i-in. tape recording is the Neopilot 
system. In this system, the dual sync-i)ulse head is designed 
with an extremely narrow gap so that bias power dissipation 
is considerably low. Referring to the illustration in Figure 1, 
the tape movement is from right to left with the oxide ocat- 
ing toward the viewer. As the magnetic tape moves in con- 
tact with the program record head, a full-track audio signal 
is recorded longitudinally on the tape. The tape then passes 
over the sync-pulse head (which is actually two heads in 
push-pull) so that the high freiiuencj- bias across each head 
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Figure 3. A crystal-drive synchronous system eliminates the need for 
interconnecting cable such as shown in Figure S. 
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Figure 4. A radio-control system for syn- 
chronous recording. 

erases the audio siRiiai in tiic resijectivc areas, and records a 
60-Hz pusli-puU signal. Tliis signal is in the form of two 
narrow tracks recorded in tlie center portion of tiie tajie, 
the width of eacli track being about 18 mils, with a 16-mil 
separation between them. Each track is recorded in opposite 
phase, so that where a hill of j^ulse wa\ efonii is recorded on 
one track, a valley is impresscti on the corresponding portion 
of the other track. In relation to the program playback head 
which reproduces the full tai)c width, the two pilot tracks 
effectively cancel each other out, so that the sync signal is 
not audible on the program channel. This condition is based 
on the assumption that the applied record currents in the 
sync-pulse heads are properly balanced with regard to 
phase and amplitude. In practice, the symmetry' of luagnetic 
flux in both tracks is controlled by a balance pot arrange- 
ment which reduces cross-talk interference to negligible 
proiwrtions. 

The Kcoi)ilot system has the capability of providing a 
greater signal-to-noise ratio than any other synchronizing 
methml. Owing to its dominance in the field of M-''>- syn- 
chronous ta]>e recording, it may jjossible become the accepted 
international standard. Although the system is incorporate<l 
as a built-in facility in a number of tape machines designed 
for synchronous recording; e.g., Xagra, Tandberg, and Ulier; 
the Neopilot head assembly itself is available as an accessory- 
component which can readily be adajrted to other high- 
ciuatity ])rofessionaI tajje machines. 

INTERCONNECTING CABLE SYSTEM 

In location recording, there are many situations where a 
stable-frequency a.-c. source is not available for the capstan 
drive of the magnetic tape transport and the drive motor of 
the motion ])icture camera. In such cases, it is feasible to 
Use battery-operated d.-c. equipment employing some form 
of regulating device in the dri\-e systems of both the camera 
and tape recorder, in order to establish pro])er speed control. 
Figure 2 shows a simplified block diagram of a synchronizing 
system where close accuracy in speed regulation is achieved 



by driving the camera with a governor-controlled d-c. motor, 
]X)wered by an external 12-V batter\-. Here a small rotating 
generator (mounted at one end of the motor shaft) pro- 
\ides the necessary' pilot tone, whose fretpiency is synchro- 
nous to the frame, or shutter, fre(|uency of the camera. 
Since the camera is driven at 24 frames yter second, and the 
generator is designed to produce 2J^ cycles of sync signal 
for each frame of film movement, the sync pulse generated 
is the required 60 Hz. The sync signal (about 1 V of ampli- 
tude) is fed by a wire pair to the sync-pulse head circuit of 
the tape recorder; the recorder being driven by a servo- 
controlled d.-c. motor, pwwered by an internal Ijattery. 
Another line provides a means of automatically starting and 
stopping the tape machine in conjunction with camera 
operation. The third line in the interconnecting cable en- 
able marker pulses to be generated under the control of an 
electronic time-delay circuit contained within the camera. 

In operating the system, the se<|uence of events is as 
follows: when the camera is started, the start-stop circuit in 
the tape recorder is energized by the camera battery voltage 
and, simultaneously, the 60Hz pilot tone is conveyed to the 
sync-pulse input of the tape machine and magnetically re- 
corded. After a short time delay, which allows both the 
camera and tape recorder to come up to normal speed, a 
fogging lamp in the camera fully exposes a few frames of 
film. At the same time, a d.-c. control voltage derived from 
the camera battery- actuates a bloop oscillator in the tape 
machine, which enables a brief audible marker tone (of 
the order of 1 kl Iz) to be recorded on the program track. 
The fogging lamp then automatically extinguished, the 
marker pulse is simultaneously switched out, and the system 
is now ready to accept program material. In this system, the 
fogging lamp and marker oscillator establish an identical 
time-point relationship on the picture film and magnetic tayic 
at the beginning of each take. By identifying a particular 
visual mark on the film with a corresponding audible start 
mark on the tape, picture and sound can be subsequently 
matched. 
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synchronously transferring magnetic^tape to 
sprocketed magnetic film. 
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Figure 6. This is a closed-loop servo system for 
synchronous transfer. 

CRYSTAL-DRIVE SYSTEM 

r<> obtain fijrealfr fri'wloni of iiioxeniciil hftwceii the canicra- 
nian and sound recordist, it would he dcsirai)le to eliminate the 
"unil)ilicai cord" linking the camera and ta])e machine. 
This nia\- lie accoin])lishcd liy utilizing two sejwrate fre- 
(juency sources of ^reat accuracy; one frequency source for 
driving tiie camera, and the other for synchronizing the tajjc 
recorder. I 'sing this methcxl, se\ eral cameras and ta]K' re- 
corders can easily he inc()r(M>rated into the system, each unit 
carPi ing its own indejiendent precision fre(|uency source. 

In the wireless sxstem shown in FiorRE 3. the synchronous 
camera motor is driven !)>• a miniature solid-state inverter 
ojierating from the camera l)atter\- and generating 1 17 \' a.-c. 
at 60 Ilz. For maximum jirecision, the frequencx-deterniing 
element of the inverter is a highl\- stable cr>'stal-controlle(l 
oscillator, which is counted down hy a chain of frequency 
di\ iders to produce the reciuired drive fre<|uenc\-. .A precisely 
matchtxl cr>'stal-o)ntrolled oscillator, operating from the 
internal batter\' of the tape machine, delivers the 60 Hz pilot 
tone to the sync-])iilse head circuit of the recorder. Tyi)icall\', 
the inverter and sync-jiulse generator ha\ e an accuracy of 20 
TKtrts per million over a temperature range of minus 20 deg. C 
to plus 50 deg. C. 

In some s\-stenis, a jirecision tuning-fork standard is eni- 
plo>ed as the stable frequency source. Here a higher fre- 
quency fork resonating at. say, 960 Hz, is divided down to 
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the necessar>- 60 Hz: the reduced size of the fork rendering it 
less susceptible to disturbance b\- enx ironniental conditions. 
Since they are heavier and re<[uire more ])ower, tunning-fork 
units are not \er\- common in this application. 

ObviousK-, the removal of the interconnecting cable 
eliminates the facility for automatic start-stop ojieration. 
and also the means for initiating start mark control. .\s a 
solution, the start mark can be established in the traditional 
manner by the use of clap-sticks attached to a slate, in which 
the take number, scene number, and any other information 
essential to the subsetiiient editing process is conveyed to the 
system. Initially, the cameraman and recordist are gi\'en a 
verbal or visual cue to start rolling. After the camera and 
tape machine have reached their normal speed, the clap- 
sticks are brought together in front of the camera, and the 
transient sound picked up by the niicrojthone is recorded on 
the i>rogram track. 

RADIO-CONTROL SYSTEM 

The wireless system offers a jiarticular advantage in situa- 
tions where a high degree of mobility is refjuired, such as in 
the modern technifiue known as cinema verite. ObviousK-. an 
electronic means of marking would be called for, since the 
use of clap-sticks is inconvenient and, in most cases, a dis- 
tracting influence. This condition can be met by utilizing a 
sophisticated radio-control system which has the capability 
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of transmitting the necessar\- control signals for start marking 
and for starting and stopping the ta\x machine. 

FiGUKE 4 shows a miniature radio-control system which 
employs citizens band e(|iiipment op>erating in the 27 mHz 
range. According to FCC specifications, no license is required 
if the d.-c. ixjwer in])ut to the final stage of the transmitter is 
not in excess of 100 niW. The receiver, oiierating from the 
ta])e machine batten,-, picks up the information, and proc- 
esses and selects the approi)riate control signals for the 
marker tone and the start-stop operation. Using this system, 
the cameraman and recordist can freely maneuver anywhere 
within the range of the transmitter. If other cameras and 
ta])e recorders are involved, coding devices can be incor- 
porated in the radio system for identification purposes. 

Some systems are designed to transmit the 60 Hz sync 
signal by radio, but this procedure is unreliable, since any 
obstruction between the transmitting and receiving an- 
tennas would result in a loss of syncronization. In Figure 4, 
the sync signal for the taix; recorder is provided by a pre- 
cision-controlled source. The camera, however, is driven by a 
cr>stal-controlled d.-c. motor which ojierates in a servo- 
control system to regulate the speed of the motor. Here a 
tachometer, coupled to the drive motor, generates an a.-c. 
voltage whose frequencx' is compared with a cr>-stal-controllcd 
reference fre(|uency. Any error, or difference between the 
two fre<iuencies, produces a resultant d.-c. signal which is 
amplified and used to correct the motor speed. In effect, the 
gain of the d.-c. control amplifier driving the camera motor, 
is made to increase or decrease, according to whether the 
motor speed is tin) slow or too fast. 

SYNCHRONOUS TRANSFER SYSTEMS 

In the process of transferring, or resolving. }4-'"- syn- 
chronous ta])e to si)rocketed magnetic film, corrections are 
automatically made for \-ariations in the speed of the tay>e 
machine, elongation and contraction of the ta]X! (due to 
mechanical strain, temperature changes, humidity varia- 
tions), and any other factors that may have affected the 
linear spewl during the original recording. The objective is 
to maintain absolute synchronization, so that in reproduc- 
tion, the sound track re-recorded on the sprocketed mag- 
netic film will match the camera ])ictiire. frame by frame. 

Kicii'KE 5 shows a block diagram of the direct-drive re- 
solving system, in which the ta])e reproducer drives at a 
constant speed and the sprocketed magnetic film recorder is 
synchronously coiitr<)lled. Here the reprcxluccd 60-Hz sxnc 
])ulse is amiilified by a preamj) and a 7,S-\V amplifier, in order 
to ])rovi<le sufficient ix)wer to drive the synchronous motor 
in the film recorder. In practice, the jxjwer am])lifier includes 
a wa\e-shaping device so that the motor excitation is ap- 
proximately 120 V of a well-formed sine wa\e. The transfer 
dri\e motor will thus increase and decrease its s|X!ed in 
accordance with the taped sync signal. In the direct-drive 
system, small, fast deviations between the tape sync pulse 
and the ]K)wer-linc fretpiency ma\- produce audible low- 
frequency flutter (wow), unless some form of delay timing is 
incor|x)rated in the film recorder to pro\ ide a means of damp- 
ing the changes in motor s])eed. 

Another method for synchronously transferring magnetic 
tai* is the closed-loo]> servo system. In contrast to the 
direct-drive system, the drive motor of the sprocketed film 
recorder is now driven by the power-line source, and the 
speed of the sy nchronous tape machine motor is controlled 
by a synchronizer, or resoK'er. The reproduced sync signal 
is electrically compared with the line frequency and an error- 
correcting signal is delivered to the reproducer motor thereby 



correcting the speed and retaining franie-by-frame syn- 
chronization. In the servo system of Figure 6, the syn- 
chronizer is designed to accept 14 kHz carrier signals modu- 
lated by 60 Hz, as well as the 60 Hz pilot tone originally 
taped along with the program track. Here the sync signal is 
fed through an amplifier to a com|iarator, which conqiares 
the 60 Hz sync jnilse (plus or nunus any deviations that may 
exist) to the 60 Hz line freciuency. The comparator drives a 
f)otentiometer which controls the frecjuency of an oscillator, 
whose output fre(|uency is sufficiently anqilified to drive the 
tajx; trans])ort motor. Assuming that the reproduced tape is 
running slower than it should, the sync signal will actually be 
less than 60 Hz. This will cause the com])arator to turn the 
pot in such a direction as to increase the oscillator frequency 
so that the motor speed, and hence the tape speed, is made to 
conform with the 60 Hz line fre<|uency. At this point, the 
comiiarator will come to rest. therel)y maintaining constant 
tape speed until the sync signal should try to deviate again 
from the line fre<]uency. 

In the transferring process, the battery-driven tape ma- 
chine used in the original recording can also be used to re- 
produce the pilot tone. Here the principal com]X)nent of the 
resolvcr is a phase discriminator which compares the fre- 
quency of the taped sync pulse with a suitable reference fre- 
quency. Any phase difference is conv-erted into a d.-c. con- 
trol signal which is used to correct the speed of the d.-c. 
motor in the tape machine. 

RECENT DEVELOPMENTS 

In recent years, a number of battery-operated sprocket-dri\-en 
magnetic film recorders have been de\-eloped which are rugged, 
comjiact, and sufficiently light in weight to be carried by 
shoulder straj). These uni<iue machines are available for 
16-mm and 35-mm operation, and since the transfer process 
is eliminated, the\ provide direct editing and projection 
caiiabilities. Synchronism with the motion ])icture camera is 
achieved by the use of a 60-Hz sync pulse derived from tlie 
camera generator, which is amplified and used to control 
the s])eed of a synchronous motor gear-coui)led to the s])rocket 
drive of the film recorder. 

Se\'eral vears ago, a J^-in. magnetic tape with 16 mm 
film iK'rforatioiis on one edge, was developed for use with 
special sprocketed tape recorders, rnfortunately, ta]>e 
stretch produced in the area of the s])rocket holes created 
alignment problems (due to s])rocket modulation), thus mak- 
ing this system im])ractical. More develo])nient work is 
needed to ])roduce a tape lrans]x)rt capable of eliminating 
this stretching action, especially during starting and stop])ing 
oiwrations, before this technique can be re-introduced. 

The latest development in the synchronization of sound 
with motion pictures is the cassette recording system which 
provides all the features found in reel-to-reel tape recorders. 
In this method, a standard cassette with a 150 mil tape width 
is emijioyed, in which a ,S6 mil program track is recorded 
on one edge of the tape width and a 56 mil sync track on the 
other. In order to maintain a signal-to-noise ratio and fre- 
(|uency response that is c<>m|xirable to professional open- 
reel tape recorders, the tajje speed is 3^4 rather than the 
standard \% used in other types of cassette recorders. 
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EVR at Toke-Off 



EDWARD TATNALL CANBY 



Electronic Video Recording is about to 
spring forth full grown — almost surely before 
this year is out. The author offers the 
implications that this medium in its final 
form will mean. 



No WONDER tliere lias been a slight delay," I wrote 
at the end of an article on E\ R, Electronic Video 
Recording, published two long years ago in the 
September issue of db. At that time the much- 
heralded new TV recording system from CHS, pioneered by 
Dr. Peter Goldmark of Ip record fame, still seemed hopelessly 
tied up in back-stage maneuverings though it had been 
formally announced more than a year earlier. The new system 
had impressive potential — but it had > et to be laimched. 

There was a slight further delay. As of the spring of 1970, 
almost three >ears after announcement, the manmioth inter- 
national EVR system, e\cr grow ing larger, was still grounded. 
In the U. S. not a cartridge was available on the market, nor a 
player to convert its miniature film into tv images. 

But outward appearances are decepti\e. A large-scale, 
world-wide recording system, based on a new process cutting 
across conventional lines, takes a long time to put into pro- 
ductixe order; almost everything must be designed from 
scratch. EVR's dela>s are in part a matter of semantics. 
When is a delay a delay? Mostly when the public relations 
department is over-eager. CBS has contradicted its own 
pronouncements on more tlian one occasion, if we must 
quibble over details. The 1967 announcement stated, probably 
rashly, that "E\'R programming and color and black and 
white equipment will be demonstrated next spring, and 
cartridges and play ers will be available in the spring of 
1969." Somebody probably wishes he could eat those words 
right now, but they are not overly important. CUS now 
claims to be "a year ahead" of original scheduling in its color 
capability. The Motorola black-and-white EVR teleplayer 
demonstrated to the press more tlian a year ago never got 
into production — but it was superceded this March, 1970, by 
a color player (monochrome compatible) at the same an- 
nounced price. That indicates some sort of speed-up in 
schedule even if Motorola is technically delayed in its pro- 
duction. Color capability, at least, has come along fast. 

The "poop" now is that take-off is, at last, not far away. 
Motorola's color teleplayers were pre-production models last 
March. The company's is geared, they s;iy, for a capacity of 
100,000 a > ear as of this September when the machine is 
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scheduled for release. The necessary processing will be 
provided b>- the same date — hopefully — via the new CBS 
facilities in Rocklcigh, New Jersey. This first teleplayer 
is primarily a ruggedized version aimed at educational, 
scientific and industrial areas, but anyone — they say — can 
have one for $795, come September. 

Impressi\ e quantities of software, the actual material to he 
cartridged for playback are lined up \-ia a host of EVR 
affiliations. The sources in this country- range from the New 
York Times all the way to Darryl F. Zanuck's 20th Century- 
Fox continuing library of films, which will be available for 
EVR recordings when they are five years old. Educational 
and scientific sources are proliferating too. Instructional ma- 
terial in everything from grade-school learning to medical 
technology are meat for the EVR grinder. Or will be when 
things get started. 

EVR AROUND THE WORLD 

In these last three years, too, a world-wide network of EVR 
companies, affiliates, and licencees has grown up, a consor- 
tium of major operatives in many countries, including our 
own, to provide the basic EVR series — the software, the 
cartridges and teleplayers, and the EVR processing. The 
central entity is not CBS itself but a British-based super- 
company called the EVR Partnership made up of CHS in 
America, Imperial Chemical Industries in England and 
CIBA in Switzerland. In each country or area, subsidiaries or 
affiliates provide the local EVR potential. Thus in Britain the 
EVR teleplayer (a "SO-field" model adapted to British tele- 
vision and the British SO-Hz current) is manufactured by the 
Rank Bush Murphy division of the Rank Organization. In 
Germany, Bosch will produce it. In France it will be Thomp- 
son, C.S.r. Motorola has the exclusive for the American 
area ("60-field", and 60-Hz a.c) through 1971. Distribution 
facilities have similarly been elaborated on an impressive 
scale. But most outsiders will be even more interested in the 
world-wide network of source -material affiliates; for what 
good is a TV cartridge without a catalogue of playable ma- 
terial? 

CBS and the EVR Partnership ha\'e rightly foreseen that 
this is a crucial element for EVR's success. And so arrange- 
ments have been largely made before — not after — official 
launching of the system. 



www.americanradiohistorv.com 



Catalogue material, available witlioiit problems and 
quickly, covering every possible interest and usefulness in 
every foreseeable area, is the sine qua non, the without- 
whicli-no, of every brand-new coniinunications system. We 
need merely remember the immense amount of luusic that 
CBS, back in 1948, painfully transcribed from 78 and 16-inch 
transcription sources for the new Ip record, to understand 
that coiilciit played a big part in the success of that fonnat. 
To this day, the Ip-disc has not lost that first-olT headstart. 
Obviously, EVR in the vast tv field of playable consumer 
recordings, intends to begin operations with exactly the same 
advantage. One cause for delay? Very possibly, and a good 
one. 

P agofl wo uld -Het-s«(Ttfc-to4i*t all ol-tlu^EV[i riLliLLitkitiE, 
so far announced in this software department. A few items 
will give the shape of the EVR picture. 

On the Swiss scene, for example (and do not underestimate 
little Switzerland!) a new corjioration has been set up for the 
pur])ose, combining CIBA, the giant Geigy firm, and the 
Lausanne-based Editions Recontre, a publisher widely known 
in the book business and its modern relatives. This combine, 
called CADIA, will "create EVR materials in medical, agro- 
chemical, scientific, encyclop>edic and purely cultural topics." 

In France, the famous Librairie Ilachette {Lihrairie in 
French means publisher) is signed up. Other arrangements 
have been concluded in Italy and Austria. In Germany a 
film and TV-producing company called Videothek Programm 
GmbH, specializing in learning programs in the audiovisual 
area, has added EVR to its other production outlets. 

Of more direct concern to us, numerous U.S. companies are 
already involved in the EVR ])re-launch operation. Equitable 
Life, for example, has announcetl training and communica- 
tions ])rogranis to be processed on EVR. Also New England 
Mutual. Publishers include — needless to say — the CBS- 
owned W, H, .Saunders Company. All told, there were already 
some thirty commitments to E\'R by early 1969 and we may 
assume that most of them are still holding on, with new 
names a])pearing all the time. CBS has no intention, clearly, 
of falling between stools when the great moment comes. 
Manufacture, processing, distribution and source material, 
will abound, if the E\'R people can manage it, right from the 
beginning. 

Promises, promises! Of course. The whole atTair is a gamble 
just as any other large-scale commercial venture. 1 am merely 
quoting CTJS informational material here — no guarantees. 
But the fact is that we are on the verge of entering a new 




Fisure 2. The EVR player and cartridge. The player 1$ being manu- 
faelured by Motorola In an exclusive arrangement with CBS. 




Figure 1. The EVR Film. On the left a monochromatic film will hold 
two side-by-side pictures, each with its own sound track. On the 
right, color EVR contains a black-and-white luminance track (the 
fundamental image) and a separate chrominance track (containing 
the color information). A faint picture image is sometimes visible in 
the chrominance track. Note on both films that the sync track has 
a window per frame. This is not a perforation, but a printed clear bar 

age, that of mauipulable television, tv under the viewer's 
direct personal control. It is startlingly ditTerent in action from 
TV as we know it now, and will lead to a new television in- 
dustry-, brand new habits for the tv viewer, new educational 
methods of immense significance for the teacher, for the 
corporation, for libraries, filing systems, public service. 

SOME ESSENTIALS OF OPERAT ON 

EVR, yet unborn, has generated a fantastic quantity of press 
and other infonuational material, a pile of which is before 
me. But in all this time the fundamental technicalities of the 
E\'R process have been kept under wraps, probably with 
good reason. This spring, at last, CBS issued an 18-i«ge 
document with 32 additional pages of diagrams, photos and 
charts in which, finally, the technical gist of the entire sys- 
tem, and especially of the ingenious color coding process by 
which a black-and-white pair of micro-images on a tiny film 
convert to a standard television color signal of professional 
quality, is spelled out in technical detail. The document fol- 
lowed Dr. Goldmark's first complete exposition of the I-IVR 
technology at Stuttgart. Germany, this last spring. (Other 
presentations are now being made before x'arious technical 
bodies.) 

Though largely technical, the jiaper reinforces the sense 




Figure 3. Inside the Motorola EVR player. Note the reel behind 
the cartridge that serves to take up the film during play. After 
play film is rewound to the cartridge. 
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that EVR, unlaunched, is still a fascinating and workable 
medium. One reads at last just how it is done — though space 
precludes more than a few spicy details here. One proceeds 
from the basic premise, electron beam recording of the E\^R 
film master in vactto (the beam's spot is 2.5 microns in di- 
ameter, tracing four master tracks on one 40 mm electron- 
sensitive film in a vacuum "no higher than 10-6. torr via a 
double pumping system) to the final simple rf connection at 
any home tv receiver or professional monitor. 

There is the high-sjieed photographic niultihead wet gate 
printer, a British development, which ©iterates at up to 200 
feet a minute (approximately 40 in./sec.) to generate 16 
25-minute color programs each time the master film loop 
goes through the machine — 100 times normal playing speed, a 
color print ever\- 18 seconds. (Taix; duplicators, how about 
that?) 

There is the teleplayer itself, in which the published EVR 
film is scanned without starts and stops via a double system 
of optics and a 3-inch sjiecial crt the film running smoothly 
at 6 in./sec. (U.S.). The film is scanned much as we com- 
muters used to board a moving trolley car in the old days; 
you ran at the same speed as the car, then hopped onto the 
step. The EVR scanning moves with the film, snaps back for 
the next frame, the whole synchronized via optical clear 
windows at the centerline between the two rows of frames. 
No stop and go, and thus a much-reduced wear factor as 
compared with normal moving picture film of any sort. (Note, 
too, that the magnetic audio tracks do not have to be me- 
chanically isolated for playback.) 

The cartridge itself, seven inches by one half, is round, 
with a hole much like a 45 r.p.m. record. It is sealed and un- 
reels automatically onto a take-up reel inside the teleplayer. 
The film is 8.75mni. wide, sprocketless, 90,000 frames on each 
of the two parallel tracks (more when thinner film is available), 
each single frame only 0.13 by 0.1 inches, moving at 60 frames 
per second (U.S.) at a continuous speed of 6 in./sec. (All 
these parameters are slightly different in Europe.) The 
Dlayer's scanning and optical-electronic operations arc put 
down in great detail in the CBS paper. Suffice it to say that 
for color the luminance or monochrome values are on one 
track, the chrominance or color values on the other. The 
chrominance recording (in black and white) is sjiatial: one 
can sometimes see a faint ghost of the picture in the forest of 
close-jMcked vertical lines that make up the color coding 
(see Figure 1). Luminance and chrominance are combined, 
with the help of a pilot signal, into the standard rf that is fed to 
the TV receiver. For black-and-white programs, both the 
jiarallel channels are used, two discrete programs in parallel. 

EMPHASIS POINTS 

Xote that EVR mastering will accept most types of existing 
primary material, moving or still, via 35 or 16 mm, color slides, 
film strips, videotape and so on — always providing that 
multiple printing of identical copies is the aim. 

All material for EVR pul>lication must he processed at 
CHS-ojierated centers (or efjuivalents in other countries), 
somewhat like Kodaclirome in its early days. (CBS is making 
much of the fact that E\'R material is thus protected from 
unauthorized duplication — pirating.) Whether the cxclusi- 
vivity will last is an iffy question and depends, I'd guess, on 
demand, though legal aspects might he involved. CBS (like 
Kodak) can always license out its ]irocessing. 

Xote again that the E\'R type of consumer tv recording 
is fwt a replacement for the generally bulkier and more ex- 
pensive (picture-for-picture) videotape. X'ideotape, whether 



in commerce or education, is primarily a means of direct re- 
cording and erasure, like audio tape. Duplication, even with 
the ingenuity of a Sony, is not its natural /or/f, 

A school, for instance, can produce its own recorded 
TV shows via \ideotape equipment — many do. But to make 
use of EVR the single tape must be submitted to CBS for 
processing and duplication at a minimum of 50 copies. The 
parallel with the Ip disc versus the audio tape machine is close. 
A disc is an audio publication. An EVR cartridge is published 

TV. 

Note that EVR has been ingeniously tied to each of the 
various world television systems where it will he sold, to 
provide an optimum signal for the particular parameters 
involved. The curious repetition of the numbers five and six 
in the European and American specs has to do with this 



Color EVR Player Performance Specifications 



Above, the tpecificalions given by Motorola for the EVR player 
they arc manufacturing. 



VIDEO: Line Rate: 15,750 Hz. 
Field Rate: 60 Hz. 
RF Signal Output: 50 MV 
into 75 ohm line. Double 
sideband modified XTSC 
signal. 

\'ideo S/N: 35 db iieak 
white to RMS noise on 
the reproduced picture. 
\'ideo Output: 1.5 V pp 
across 75 ohm unbalanced 
line. Black Negative, 525 
line standard. 
\'ideo Fretiuency Re- 
sponse: X'o limitation 
below 4 MHz. 
Gamma Correction: 
Ganmia corrected for 
linear response on 
receiver. 

AUDIO: .Audio Output: 1 \' RMS, 
600 Ohm unbalanced. 
Frecjuency Response: 
Xormal band pass resixmse 
+ 3db. 

Signal to noise: 45 Dh. 
Flutter: 0.2% rms on an 
unweighted flutter meter. 

POWER Power Source: 105- 135V, 
REQUIREMENTS: 60 Hz, A.C. OXLV. 

Power Cord: 3 conductor 
|X)wer cord provided 
with player. 
Power Consumption: 
100 Watts. 

DIMENSIONS: 21i^"wide 
\9i4" deep 
8>^" high 

50 lbs. shipping weight 



MODEL NO.: CR 100 G 



www.americanradiohistorv.com 



a(lai>iation. 5 in. sec. playing siwed in lutrope, 6 iicrc; a 50 
field iiiilure in luimpe. 60-liel(i here, tifty, or sixty ,fraines 
perseroml in the playl)ack. This stems from the lockinK-in of 
the system tii the prevaihnK 5()-Hz current in Europe ami 
our own 60-1 Iz e(Hiivalcnt. The 5:6 ratio is e\i(iently i)asic 
to the two versions, 'i'hus luiro])ean and American i:;\'K arc 
not C(iiupatil>le— inn neither are the rv sets, ('i'hat's one 
limitation: no Idiropean im]Hirts to he otTeri-d exotically along- 
side our ])leliian American product!) Foreisn material, of 
course, can he olTerttI here in the American l-A R carlridRes. 
and vice irrsti. 

AN IMPORTANT ADDENDUM 

The tlne-nrain siher-lialide IIVR cartridge lilni may he 
replaced h\- a less exiK'nsixe diazo film, now under fmal 
testing. It is also simi)ler to process: exiM)Sure hy ultraviolet 
li^ht and (le\elopinent in an atmosphere of ammonia. This, 
pcrhai)s, is in answer to the RCA plastic wrap threat. 

At the core of the i:\'K system is the extraordinan. minia- 
turizalii>n of the photo-scan pr()cess. a de\eloi)nient parallel- 
ing the miniaturization of s<)lid-slate electronics. V.\'\< 
master film will take a detail resolution of no less than 800 
line-pairs per millimeter, with a cr\stal size of less than a 
tenth of a micron. The tiny tinal \'X\< ])rint can he Mown up, 
similarly, \\\\\\ incredihie sharpness of detail. The entire 
\z.\'\< system, thus, is ahle to i)ro\ Kle better television resolu- 
tion than exists in any jiresent t\' broadcast s>stem aiul 
probahK- as gootl as an\ tiling likel\- to appear in a closed- 
circirit contiKuration where might he of use. It is a 

<|uestion whether any sjiecies of consumer magnetic video- 
tai)e recording can match the lA'R color specs, though, it 
must he said that videotape has its own dilTerent areas of 
useftdness, already well established. 

EVR PRICES? 

OIn-iousty fluent, deiiending on future volimie. Preliminary 
])rice schi'dides are out. graded according to (|uantity. At 
one end of the scale, the complete ])ro(hiction costs (masterinj? 
antl printiiiH) for 50 color cartridges, the mininumi, are now 
set at S,U).5() for each 25 minute program, S'J for a (ive-niiniite 
"si>ot". The i>rice for 2000 of the longer iirograins droi)s to 
S1S.50. The cost for 2000 50-miniite monochrome jirogranis, 
(two iiro^rams in one cartridge.) is S2.?.10. If this sounds 
confusing as here (|iiote<l. I am merely readinj; olT the CB.S 
l)rice lists. Prices ipjoted are per airtriitnc including all 
jirocessing. .\ot cheai)— \et. dive them time. 

AUDIO IN EVR? 

Not much to sa\. -Scnmd engineers are going to have to 
admit, rueftdK , that in the coming era of TV recordings audio 
is but the haiKlmaitlen of the ]>icture. l^\'K's audio is jx-r- 
fectly respectable, otherwise unremarkable. What else.-" 
At least lA'K has gone magnetic, via two e{ige strii)es, 
assuring a signal that will not likely be less good than its 
source. Stereo, too. when and if, for color l-^VR; or two alter- 
native channels for instruction or entertainment in either of 
two languages, to choice. Actually, the pair of channels is 
intendi-d for the moiiochnmie iA'R i>rograms that will 
dominate the medium outside of America for the initial 
_ periiKl. .\ bit of wisely designed switching takes care of the 
rest. 

\ow, with bated !)reath. let us await the lainiching. Or 
shoidd 1 sav the take-olT? ■ 



THE 
UITIMATE 
BUCK BOX. 

It's MCI's new, integrated, modular- 
ized 8-track tape console. 

New, because the entire back panel 
swings open for instant access to the control 
module electronics. 

Integrated to give you precisely uniform 
(and spectacular) performance from channel 
to channel. 

Modularized for even easier serviceabil- 
ity. Plus the potential to build up from 8 track 
to 16. Or 24. Or 32. Or as many as you want. 

There's a built-in remote overdub, too. 

And all 8 meters are lined up horizon- 
tally for easy reading. 

Prices start at $6,200. vflW% 




FOR SPECS AND DETAILS. WRITE OR PHONE MCI, 1140 NORTH 
FLAGLER DR.. FT. LAUDERDALE. FLORIDA 33304 . (305) 524-3318, 

Circle 2-f nn Render Sewice Card 
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Picture Gallery — 
LA. AES Converntion 



ON THIS and the followinK three pages are to be 
foiiiifl the new and ahiiost new products our 
periijatetic camera found at tlie grandest AES 
Convention yet. Los Angeles' Hilton Hotel was 
host to exhibitors, gixx-rs of jjapers, and guests, in this 38th 
Conx'ciition to be held. 
The s]"KU'e we hax e available in this issue does not permit 



us to show all tlie exhibitors. Watch future Nnw pRouucrs 
AND Services pages for interesting equipment that didn't 
make it into this roundup. 

Eacli product is ke\ ed with a reader service number. Simply 
circle the appropriate number(.-i) of your interest on the 
reader service card at the rear of this issue and you will 
recei\'e further information directly from the manufacturer. 



Consoles 




. Spectra-Sonics showed a new console with 20 input chan- 

Ouad-Eight has 16 m and 8 out in its new console. Circle 51 „e|s. Circle 46 on lieader Service Card, 
on Reader Ser\-ice Card. 
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Opamp uses its special circuitry in a niic iii|)iil module kit. 
Cii cle 64 on Reader Service Card. 




The Audio Designs Audcx coiUrol system in a separate 
package. Circle 72 on l^eader Service Card. 



Tape 




The 3M U)op ciri\e tysleni is a])pned in this cassette (hipH- 
cator slave. Circle 55 on Reader Service Card. 




Teac olTeis the A 70.?0, stereo in a compact studio console. 
Circle 63 on Reader .Service Card. 




MRS, with electronic siiecd control on its macliiiies, now has 
a cassette duplicator slave. Circle 50 on Reader Service Card. 




Latifievin has 15 inpnts on this new console. Circle 50 on 
Reader Scr\ ice Card. 




Otari of .lapan showed a complete line of tape <liiplieat.inf; 
c<|iiii)inent . Circle 71 on Reader Ser\ ice Card. 




The GRT 5l)t) connts dro[X)iits and evaluates audio tajie, 
Circle 62 on Reader Serv ice Card. 
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The Noreico I'KO-51, tie«'esi professional recorder in liieir 
line. Circle 74 on Header Service C;ini. 




S()n.\ -Superscope's facrvo-coni rolled rC-?<50 sioreo tape 
rwordcr. Circle 57 on Reader Service Card. 




This is die vannnard model of a new generation of .\mpex 
Studio laiie recorders. Circle 45 on Readei Ser\ ice Card. 

Other Equipment 



Control fcaks adjnslahly with URKI's 2-chann<.-l leveling 
aniplilRT. Circle 52 on Reader Service Card. 



Dolby's new model 360. A thin mono stretcher over the 
thicker two-channel . Ciicle 43 on Reader Service Card. 




This is an nli-eiectronic pevertj — first from Melcor. Cirtle 47 
on Reader .Scr\-ice Card. 



I 




Two tiirntaliles and a small console make tip the QR-I^--^ 
s\ stem Cii cle 68 on Reader .Service Card. 
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DuKane .Vicdallion systems- -liifjli iiovver for sound reiu- 
I'orcfiiiciii. Circle 40 oti Reader Service Card. 




Rek-O-Kiit \ arial)le-spec<l C\'S-12 Is atjaiii in produL-cion. 
i ircle 77 on Reader Sei \'ice Card. 




Gotham .\udio is distriliul iiif^ iliis new Hrilish-iiiadc tape 
cartridge iirogiani elfecis j^cneiator. Circle 44 on Keadcr 
Service Card. 




A checking setup siicli as this e\'aliiaies Koss EST electro- 
static earphones. Circle 67 on Reader Service Card. 




Stanlon 6S1 series cairridfies inchide a hlile niouniiiig 
scre\v(hi\er. Circle .^4 on Reader Service Canl. 




Shiire's new .SM-5.< dvnamic niic for the professional. 
Circle ,^3 on Reader -Service Card. 
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The db 




Ai a service to our readws we are pleased 
to offer these books from comment tech- 
nical publishers. All prices listed are the 
publishes' net. Shipping charges are 
included. 

Ose the coupon at the bottom of the page 
or give the complete title, author and coupon 
number. Be sure to indicate quantity on the 
special instructions line if more than one 
CODY of a title ii wanted. Full payment must 
accompany your order. We cannot ship 
e.o.d. Checks or money orders should be 
made payable to Sagamore Publishing Com- 
par)y, Inc. Because of the time required to 
process orders, allow several weeks for the 
receipt of books. 



Broadcasting 

RADIO BROADCASTING 

edited by Robert L. Milliard. Each of the five 
chapters has been written by a prominent 
educator with an extensive baclcground of 
practical experience in commercial and edu- 
cational broadcasting The areas covered in- 
clude: management and programming, oper- 
ating and studio facilities, producing and di- 
recting, writing, performing. For those of you 
who want to, or must, operate on both sides 
of the control room, this is virtually required 
reading. 190 pagesj 6Ji x 9Hj indexed) 
clothbound. 

S6.95 ($8.35 in Canada) 
Circle 2 on Coupon Below 

/Reference 

HANDBOOK OF ELECTRONIC TABLES 
ft FORMULAS, (3rd Edition) 
A one-stop source for all charts, tables, for- 
mulas, laws, symbols, and standards used in 
electronics. Devotes complete sections to 
items of interest to service technicians and to 
circuit design data. Includes a 8-page, full- 
color fold-out chart showing latest FCC allo- 
cations for the entire frequency spectrum. 
23S pagesj x 8H; hardbound. 
$5.50 ($6.60 in C*n«da) 
Circle 8 on Coupon Below 



How To 

PRACTICAL PA GUIDEBOOK: HOW 
TO INSTALL, OPERATE AND SERVICE 
PUBLIC ADDRESS SYSTEMS 

by Norman H. Crowhurst. 1967. This book 
gives all the basics needed to become a suc- 
cessful PA operator, in any situation where 
the reinforcement, relay, or distribution of 
sound can provide a service. It shows how to 
properly install, operate and service public 
address systems. All aspects of the subject, 
from survey to the selection of appropriate 
equipment, to installation, to routine opera- 
tion and the maintenance of a finished sys- 
tem, are covered. Attention is given to solv- 
ing problems encountered in providing suc- 
cessful service. The book's systematic and 
practical approach makes it highly useful to 
radio-TV servicemen, hobbyists, and PA 
equipment manufacturers. 136 pages; 6 x 9j 
illus; softbound. 
$4.50 ($5.10 in Canada) 
Circle 1 5 on Coupon Below 



Test and Maintenance 

INTERMODULATION AND 
HARMONIC DISTORTION 
HANDBOOK 

by Howard M. Tremaine. A complete refer- 
ence guidebook on audio signal intermodu- 
lation and harmonic distortion. 172 pages; 

X 8H; softbound. 
$4.25 ($5.25 in Canada) 
Circle 9 on Coupon Below 



ACOUSTICAL TESTS 
AND MEASUREMENTS 

by Don Davis. Provides a solid understand- 
ing of the entire subject of acoustical meas- 
urements; based on actual field test work, 
using commercial equipment. Contains prac- 
tical, time-saving solutions to actual problems 
encountered In the field; minimum math is re- 
quired for understanding. The author is an 
expert in this field, and an authority on audi- 
torium acoustics. An invaluable book for 
phone company special service engineers, 
plant maintenance engineers, communica- 
tions engineers, noise control specialists, ar- 
chitectural engineers, broadcast engineers 
and technicians, hi-fi fans and students. 19S 
pages; 5fj x 8H; hardbound. 
$6.95 ($8.35 in Canada) 
Circle 7 on Coupon Below 



General Audio 

THE TECHNIQUE OF 
THE SOUND STUDIO 

by Alec Nisbett. This is a handbook on radio 
and recording techniques, but the principles 
described are equally applicable to film and 
television sound It describes how the high- 
est standards may be achieved not only in 
the elaborately equipped studio but also 
with simple equipment out on location. 264 
pages; 60 diagrams; glossary; indexed; 
X syii clothbound. 
$10.50 ($11 .95 in Canada) 
Circle 1 on Coupon Below 



PASSIVE AUDIO NETWORK DESIGN 

by Howard M. Tremaine. A complete and 
comprehensive guide to the design, con- 
struction, and testing of all types of attenu- 
ators, equalizers, and wave filters for the 
practicing audio technician or engineer. This 
authoritative text is one of the few written 
on the subject, and requires only nominal 
mathematical background. Written in easy- 
to-understand language, the content presents 
the basic design, construction, and testing 
considerations without the confusion often 
associated with passive networb. 288 pages; 

X SH, softbound. 
$5.50 ($6.45 in Canada) 
Circle 5 on Coupon Below 



THE AUDIO CYCLOPEDIA 
(2nd EDITION) 

by Dr. Howard M. Tremaine. New and 
updated, here is the complete audio refer- 
ence library in a single volume. It provides 
the most comprehensive information on 
every aspect of the audio art. This new 
edition includes the latest audio developi- 
ments Including the most recent solid-state 
systems and integrated circuits. It covers all 
subjects in the fields of acoustics, recording, 
and reproduction with more than 3400 
related topics. Each topic can be instantly 
located by a unique index and reference 
system. More than 1600 illustrations and 
schematics help make complicated topics 
masterpieces of clarity. 1760 pages; 6>/2 x 
9-3/8; hardbound. 
$29.95 ($35.95 in Canada) 
Circle 20 on Coupon Below 



ACOUSTICS— ROOM DESIGN 
AND NOISE CONTROL 

by Michael Rettinger. 1968. The enormous 
problems and hazards presented by noise 
are dealt within an orderly and practical 
manner. With many charts, graphs, and 
practical examples, the text covers the 
physics of sound, room acoustics, and de- 
sign, noise and noise reduction. The author's 
many years of experience in the Field and 
extensive knowledge (set down in two 
earlier books on acoustics) make this work 
a boon to architects, builders, designers, 
planners, and engineers. 392 pages; hard- 
bound. 

$17.50 ($20.90 in Canada) 
Circle 21 on Coupon Below 



i Sagamore Publishing Company, Inc. j 

I 980 Old Country Road, Plainvicw, N.Y. 1 1 803 | 

I Please send me the books I have circled below. My full remittance in the amount | 

I of S is enclosed. N.Y. State residents add 5% sales tax. | 

I 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 | 

I 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 | 

I Name j 

I Street Address j 

I I 

I City State Zip j 

j Special instructions | 

I 1 



www.americanradiohistorv.com 



Classified 



Closing date is the RFteenth of the second 
month preceding the date of issue. Send 
copy to: 

Classified Ad Dept. 
db 

THESOUND ENGINEERING MAGAZINE 
980 Old Country Road 
Plainvlew, New York 11803 

Rates are 50c a word for commercial adver- 
tisements. Non-commercial and employment 
offered or wanted placements are accepted 
at 25c per word. 



Circuitry and Components 

TRANSISTORS FOR AUDIO 
FREQUENCY (AUDIO-FREQUENCy 
AMPLIFICATION) 

by Guy Fontaine. 1967. This systematic and 
detailed treatment of the application of tran- 
sistors in audio-Frequency amplifiers shows 
how the published transistor characteristics 
are related to the principles of deitgn. To as- 
sure clarity, the R9ures are rendered in sev- 
cr«l colors and placed opposite the related 
text. Simple equations reinforce the lucid ap- 
proach. An ideal textbook or reference on the 
Subject for engineers and advanced techni- 
cians. 384 pages; 5H x 8; illus.; ciothbound. 
S7.95 (S9.55 in Canada) 
Circle IS on Coupon Below 

New 1 7th Edition of the famous 
RADIO HANDBOOK 

Tells how to design, build and operate the 
latest types of amateur transmitters, receiv- 
ers, transceivers, amplifiers and test equip- 
ment. Provides extensive, simplified theory 
on practically every phase of radio. Broad 
coverage; all original data, up to date, com- 
plete. 847 pages. 
S1S.9S (S1S.S0 in Canada) 
Circle 10 on Coupon Below 

DESIGN OF LOW-NOISE 
TRANSISTOR INPUT CIRCUITS 
by William A. RbiinMdtr. 1964. Written 
for students as well as circuit design engi- 
neers interested in low-noise circuit design. 
Throughout, the book gives a multitude of 
time-saving graphs and design curves for the 
practical circuit designer. Simple derivations 
of all important formulas are also presented 
to help the reader obtain a deeper insight 
into the fundamentals of practical low-noise 
design 128 pages; 6x9; illus.; ciothbound. 
S5.50 (S6.50 in Canada) 
Circle 14 on Coupon Below 

CLOSED-CIRCUIT 
TELEVISION HANDBOOK 
by Leon Wortman. Gives comprehensive 
detailed information about the field in an 
easy-to-understand presentation. It's par- 
ticularly suited to those who plan to use, 
install, and service cctv. Covers the subject 
from the simple single-camera system to the 
most exotic systems. 288 pages; SVs x 814; 
ciothbound. 

S5.95 (S6.75 in Canada) 
Circle 1 8 on Coupon Below 



Electronic Music 

ELECTRONIC MUSICAL INSTRUMENTS 
by Richard H. Dorf. Now in its third edition 
and sixth printing since its first appearance 
in 1954, this is considered the authority on 
electronic organs. This edition is completely 
rewritten to explain everything technical 
about today's organs. The book is of special 
value to organ designers and service tech- 
nicians as well as electronics-minded hobby- 
ists and prospective organ purchasers. Of 
special value are the author's many practical 
comments and expressions of opinion based 
on his years of musical, engineering, and 
management experience with electronic 
musical instruments. 393 pages; 239 dia- 
grams and photographs. 
$10.00 ($11.95 in Canada) 
Ctrcit 19 on Coupon Below 



FOR SALE 



SCULLY TAPE RECORDERS — one to 
twenty-four track and model 270 auto players, 
many models in stock for immediate delivery. 
SCULLY LATHES — Previously owned and 
rebuilt. Variable or automatic pitch. Com- 
plete cutting systems with Westrex heads. 
MIXING CONSOLES — Custom designed 
using Wiegand Audio Lab modules. From 
$7,000.00. Wiegand Audio Laboratories, 
340S Windsor Road, Wall, New Jersey 
07719. Phone: SOI 681-6443. 



SOLID-STATE AUDIO PLUG-IN OCTAL 
(1" Dia X 2" H) modules. Mic preamps, disc 
8: tape preamp-equalizers, tape bias osc. St 
record ampl., power amps & power sup- 
plies. Send for free catalog and audio ap- 
plications. Opamp Labs., 17S So. Alta 
Vista Blvd., Los Angeles, California 90036. 

MODULES FOR ALL TYPES of applica- 
tions. Discrete to thick film IC devices, Pre- 
amplifiers to power amplifiers. New Catalog 
with schematics, $1.00. PM Electronics, 
Inc., Box 46S04, Seattle, Washington 
98146. 

1 INCH SCOTCH (1 ROB-10 1/2M) 
empt/ NAB reels and boxes. New, un- 
opened, cartons of 5; $3.20 per reel. Cash, 
money order, check. Minimum order 10 
reels prepaid. Sample, prepaid: $4.20. 
Picture free on request. Helffrich Recording 
Labs., R.D. #S, Allenlown, Pa. 18103. 

PRESTO CUTTING LATHE— 8DG com- 
plete with 1-C cutter— 88 to 136 and 224. 
Like new. Box 7A, db Magazine, 980 
Old Country Road, Plainview ,N. Y. or 
call(S1S) 751-4664. 

ELECTRO-VOICE EV 666 microphone— 
$60; Heathkit AV-3 audio vacuum tube 
voltmeter — $20. A. C. Smrha, IS Mountain- 
view Drive, Mountainside, N. J. 0709S. 

SONY C-22, C-37 condenser micro- 
phones; $65 00 and $245.00 new. Shure 
SM microphones 30% off-new. Bob Heil, 
SOI Main Street, Marissa, Illinois 6SS57. 



MOBILE VAN, FULLY EQUIPPED for 
multi-track recording, TV-audio, high-power 
sound reinforcement for concerts and 
festivals. For further information contact: 
ORS Enterprises, P.O. Box 6, Rockaway, 
N. J. 07866. 

AMPEX 440-8-C 8 track recorder less than 
100 hours of use: $9990.00. Ampex 
440-2-C two track recorder like new with 
extra 1^ track play head: $2600.00. Ampex 
300-2-C excellent condition: $2200.00. 
Contact: Joseph D. Tarsia, SIS North ISth 
Street, Philadelphia, Pennsylvania, Pennsyl- 
vania 19107. (S15) 561-3660. 

CONSOLES: Complete solid-state con- 
soles custom built your specifications or ours. 
2 channels, complete with switching, under 
$2000.00. Repair or updating of your old 
console available. Call or write for estimate. 
Calvert Electronics, 191 Calvert Blvd., 
Tonawanda N. V. 14150 (716) 69S-7480. 



WANTED 



WANTED PARTS FOR REK-O-KUT G-2-D 
16-inch turntables especially 33-1/3 and 
78 rpm drive rollers. Colonial Williams- 
burg, Inc. Audiovisual Dept., P.O. Box C, 
Williamsburg, Va. 83185. Attn: R. B. 
Tisdale, Jr. 



EMPLOYMENT 



PROFESSIONAL RECORDING PERSON- 
NEL SPECIALISTS. A service for employ, 
ers and job seekers. Call today! Smith's 
Personnel Service, 1457 Broadway, N.Y.C. 
10036. Alayne Spertell SIS Wl 7-3806. 

CHIEF ENGINEER. Everything from live 
multi-track Sessions to stereo disc mastering. 
Salary open. Contact Ward Botsford, Caed- 
mon Records, 505 8th Avenue, New York, 
N. y. 10018, (SIS) 594-31 SS. 



www.americanradiohistorv.com 



People, Places, Happenings 



• ReadiTs interested in work being 
done in the field of compressed s|)eech 
nia\- he interested in the CRCR News- 
letter, This is the news bulletin of the 
Center for Rate Controlled Re- 
cordings which details \ariotis re- 
search projects and investigations in 
this exciting field. The bulletins are 
available at no charge from the Center 
at the University of Louisville, 
Louisville, Kentucky 40208. 



• Tiie third Conference on Magnetic 
Recording as sixjnsored by the Hun- 
garian Optical, Acoustical, and 
Film technical Society will be held 
September 8-12 in Hudaijest, Himgary. 
The Conference will cover the theo- 
retical and ])ractical problems of mag- 
netic recording on moving magnetic 
media (of all kinds). The ])referred 
language of the Conference is linglish, 
but pajX-Ts in Russian. Cierman, and 
Hungarian will also he gi\en. .\bstracts 
of the i>apers will be ])ul)lished in all 
these languages. Registration fees for 
non members of HOAFS are S20 (SIO 
for members). Contract the HOAI'S in 
Budapest, V., Szabadsag ter 17. 
Hungary for details. 



• General Radio, in cooi)cration with 
Bolt Beranek and Newman will 
conduct a three-day seminar on ])racti- 
cal techniques of product-noise reduc- 
tion. The seminar will be held in Chi- 
cago on August 3-5 and will be lead by 
William Ihde of S V Engineering, 
acoustical consultant to ( leneral Radio, 
and George Kamperman, manager 
HHN-Chicago. Tuition for the entire 
three days is S200; registrants will he 
resix>nsible for meals, lodging, and 
travel arrangements, (ieneral Radio 
will make motel reservations for those 
who desire this. I'or ad<litional informa- 
tion contact Tom Fricke, General 
Radio Company, 9440 West Foster 
Ave., Chicago, Illinois, (312)992- 
0800. 

Atnpex—Cov. Ill, Circle 11 on Rea 



• Sparta Electronic Corporation of 

.Sacramento, California has ac(|uired the 
Bauer Broadcast Products Division 
of Granger Associates. .According to 
.Sparta president William J. Over- 
hauser the Hauer oi)eration is in the 
])rocess of mo\-ing to the recently ex- 
])anded Sjiarta facility in .Sacramento. 
This gives the audio ojieration of 
Sparta full entry into the transmitter 
market via the ten-year old Bauer 
conijiany. 



• The addition of a 1.?,000 stuiare-foot 
facility has doubled the warehouse 
capacity of Elpa Marketing Indus- 
tries of .Vew Hyde Park, .\. V. In 
making the announcement, E, L, 
Childs ICIpa's i)resident stated "the 
growing demand for Eli)a-endorsed 
])roducts has necessitatetl this addi- 
tional facility as jKirt of our o\x'r-alI 
growth ])rograni." Elpa markets Thor- 
ens and PIC record playing ec|uipn)cnt. 
Kerrograph tape e(|uii)ment, Ortofon 
cartridges and tonearms, Watts record- 
care ])r()dncts, and ICditall si)licing 
blocks. 




• The Institute of High Fidelity has 
elected Walter Goodman as i)resident 
of the trade organization. He is presi- 
dent of Harman-Kardon, Inc. With 
more than 20 \ ears of exix;rience in the 
audio industry', he also brings more than 
ten years of trade association to his new 
IX)sition. 
■ Service Card 

GRT-Cov. 
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• What is billed as the world's most 
jx>\verful and intelligible sound system 
is being mneiled this month at the 
Ontario Motor Speedway, 40 miles 
east of Los .\ngeles, California. More 
than four hundred .Mtec-I.ansing multi- 
cellular horn speaker systems and 
eighty-four special .\ltec ]xiwer am])li- 
fiers were employed to generate an 
audio out])ut of more than 30.000 watts. 
(Ii\- comparison, all of Ca])c Kennedy 
has 20,000 watts.) Other staggering 
figures include the fact that more than 
600 miles of audio and communications 
cable were used. The s])eaker lines 
oi>crate at 210 \<>lts to retiuce line 
transmission losses in the system. 
Ontario will be auto racing's most 
elaborate facilitv with seating for 
140,000, a 2..i mile oval track, a 3.2 
mile road race circuit and a (|uarter- 
mile drag strij) — all on a 700-acre site, 

• Formation of a new company, Otari 
of America, Ltd,, was announced 
recentK- by Jack .\. Sain, president. 
The comiiany has been established to 
market and service Otari high-speed 
professional Ui\x du])licating systems. 
OfTices Uuva been established at 829.S 
S. La Cienega Hh'd., Inglewood, Cali- 
fornia. The manufacturing com]Kiny, 
Otari Electric of Japan produces 
virtualK- every link in the ta])e (lujili- 
cating chain, from their own ferrite 
heads to com])Iete mastering e([ui]i- 
nient, sla\ es. (]-c monitors, taix; winders, 
and automatic cartridge run-in ma- 
chines. The new .American com]Kiny 
is a joint \enture with Otari Electric 
and I'. S. investors. 

V, Circle 12 on Reader Sewire Card 
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